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ABSTRACT 

The possibility of inhibition of polyphenol oxidase (PPO) and browning by ascorbic acid, L

cystein and sodium metabisulphite in the processing of yam flour (elubo) was investigated. The 

physicochemical properties and organoleptic score of the yam flour (elubo) samples and yam flour 

meal (amala) samples were also evaluated using standard method of analysis. The yam samples 

with or without inhibitors were steeped in water for 12 hours at 30°C, 40°C and 50°C. Polyphenol 

oxidase activity and browning were monitored at 2 hours interval. Inhibition kinetics and 

browning index were measured in the yam samples. The results showed that ascorbic acid 

increased PPO activity significantly (p < 0.05) up to 2 hours and thereafter dropped while cystein 

and sodium metabisulphite significantly reduced (p < 0.05) PPO activity compared to the control 

samples. The kinetics of inhibition revealed that the mechanism of inhibition is uncompetitive and 

even though their mechanisms are the same, only sodium metabisulphite completely inhibited 

browning. The study also revealed that browning is temperature-dependent in all the yam samples. 

Sodium metabisulphite completely inhibited browning in the processed yam flour while cystein 

had partial inhibition and ascorbic acid on the other hand increased browning compared to the 

control. Polypheno loxidase activity and browning index were positively (53 .2%) correlated. 

Browning/PPO activity and temperature and Time were also negatively correlated. The 

physicochemical properties indicated that there was no significant difference (p > 0.05) in the 

moisture content, hydration capacity, swelling capacity, and solubility of the yam tissues with or 

without inhibitors. However, a significant increase (P < 0.05) in the calorific energy of yam 

sample processed with sod ium metabisulphite was observed. The organoleptic score of amala 

produced from test samples revealed that there was no significant difference (p > 0.05) in the 

flavour, taste and texture of al11ala made from yam samples .processed with or without inhibitors. 

However, significant differences (P < 0.05) in colour exist among all the am ala samples. Amala 

made from yam samples processed with sodium metabisulphite was white throughout processing 

temperatures and time compared with the control samples. Those made from yam samples 

processed with cystein was slightly lighter in colour than the control while amala made from yam 

samples processed with ascorbic acid was darker compared to the control. This study thus, 

revealed that PPO and browning were effectively inhibited in processed yam flour (elubo) by 

sodium metabisulphite a~. shown by the white al11ala obtained after treatment with the inhibitor 

while, L-cysteine partially inhibited the enzyme. Ascorbic acid however, did not inhibit PPO in 

elubo. Polyphenol oxidase was highly correlated with browning. Also, the addition of inhibitors 

did not change the physicochemical properties of the processed elubo except that calorific energy 

was increased on processing with sodium metabisulphite. Of all the yam flour samples, amala 

made from yam samples processed with sodium metabisulphite was the most accepted followed 

by control, then al11ala made from yam samples processed with ascorbic acid and cysteine. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Yam (Dioscorea spp.) is a multi-species crop that originated principally fromAfrica and Asia 

before spreading to other parts of the world (Hahn et ai, 1987). It belongs to the family 

Dioscoreaceae within the genus Dioscorea (Coursey, 1983; Ayensu, 1972) and serves as a staple 

crop in West Africa (Asiedu et al., 1992). The yam tuber, which is the most important part or the 

plant, can be stored longer than other root and tuber crops, ensuring food security even at times of 

general scarcity. It is the third most important tropical root and tuber crop after cassava and 

sweetpotato (Fu et al., 2005). The crop is of major importance in the diet and economic life of 

people in West Africa, the Caribbean islands, parts of Asia, and Oceania (Ravindran and 

Wanasundera, 1992; Girardin et ai, 1998). Yam is an elite crop, preferred over other root and 

tuber crops in West Africa and a choice during ceremonies and festivities (Coursey, 1967; Hahn 

et al., 1987). Resource poor people, especially women, derive a good income from its production, 

processing, and marketing. It also has ritual and socio-cultural significance in West and Central 

Africa. 

West Africa is the leading producer of yam and grows over 90% of the worldwide production (40 

million tones fresh tubers/year), followed by the West Indies where Jamaica is the leading 

producer (Dipeolu et al. , 2002; F AOSTAT, 2004). The third most important region of yam 

production is East Africa where Tanzania and Sudan are the major producers. Yam is also 

produced in Japan, Papua New Guinea, the Philippines, and Panama. Nigeria is the world' s 

largest producer of yams followed by Ghana, Ivory Coast and Togo (FAO, 2003). Both fresh 

tubers and yam flour are now exported from Ghana and Nigeria to developed countries such as 

1 



States of America. These are mainly patronised by emigrants from growing regions. According to 

the Nigerian Export Pr9motion Council (NEPC), Nigeria realized N56 billion from yam export in 

2008 as against N37 billion ill 2007 (Osibo, 200Q). However, Ghana exports the largest quantity 

of yams (about 12 OOOt) annually and average yam consumption per capita per day is highest in 

Benin (364 kcal) followed by Cote d'lvoire (342 kcal), Ghana (296 kcal), and Nigeria (258 kcal) 

(liT A, 2009). 

Yam, apart from providing basic food security and income, is a source of nutrition for millions of 

people. Information on the nutritive value of yam has been highlighted by several authors in their 

work on yam (Purseg!ove, (1976); Barquar and Oke, (1977); Bradbury and Singh, (1986); Okoli 

and Green, (1987); Wool fe, (1987); Bradbury and Holloway, 1988; Nair, (1989); Asemota et al., 

e 1992); Osagie, (1992); Opara, 1999; Al yes, 2000; F arombi et af., (2000);A foakwa and Sefa

Dedeh, (2001); Albrecht and McCarthy, (2006); Farombi, (1998). It is a rich source of 

carbohydrate and also contributes to vitamins and minerals especially where it is consumed in 

large quantities. Yams are an excellent so 'rce of potassium, with twice the amount as found in a 

medium-sized banana. They are also a good source of vitamin C, B6, folate, iron, and 

magnesium. Yams are high in starch and contain an enzyme, alpha amylase, which converts 

starches to sugars as tht! tuber matures, is slOred, or .... "hen heated . Table I.! shows the nutritional 

composition of yam from different authors. 

There are many varieties of yam species widespread throughout the humid tropics, but the edible 

yams are derived mainly from about ten Coursey, (1967); Opara, (1999). The most economically 

important of these species are: Yellow yam (Dioscorea cayenensis Lam.) which is also native to 

West Africa, Water yam (Dioscorea alala L.), Bitter yam (Dioscorea dumetorum) also called 

2 



trifoliate yam because of its leaves, Wl) ite yam (Dioscorea rotundata Poir) White yam is the 

most viscous among all yam species. It originated in Africa and is the most widely grown and 

preferred yam species. The tuber is roughly cylindricai in shape, the skin is smooth and brown 

and the flesh usually white and firm Coursey, (1967); Opara, (1999). 

I\. number of studies (Ikediobi and Oti, 1983; Ravindran and Wanasundera, 1992; Hariprakash 

and Nambisan, 1996; Treche and Agbor-Egbe, 1996; Afoakwa and Sefa-Dedeh; 2002 and 

Tschannen et at., 2003) have reported on yam storage and associated physiological and 

biochemical changes. Traditionally, farmers store yam tubers in small quantities lIsing simple 

storage techniques. The type of storage structure is influenced by climatic conditions, the purpose 

of the yam tubers in storage, type of building materials available and the resources of the farm s 

(FAO, 1990). The principle involves keeping uninjured tubers in barns, usually on a rai sed 

platform , or tying the tubers singly to live poles to provide shade and allow good ventilation . 

Some are also stored in pi ts, barns and waJehouses (Alabadan, 2002). Free air circulation and a 

low temperature are essential for good storage. There are also underground and storage housing 

structures, sheds, huts, silos and cribs (Ravi et at., 1996). Tubers may also be left underground 

for several weeks as a storage method. Various modem methods, such as the use of chemicals, 

irradiation and low temperature or controlled atmospheric conditions, to delay or suppress 

sprouting of yams for longer storage, have been reported (Tschannen et al., 2003; Swannell et al., 

2003). Even though most of these modern methods are capable of achieving long- term storage. 

they are expensive to maintain and not feasible in the yam producing areas due to lack of funds 

for required equipment and frequent interruption of electricity supply. 

3 



Table 1.1: Nutrient contents of yam species (Dioscorea spp.) per 100g fresh edible tuber 
portions . 

Nlltrient (WI OO~) D. a/ala D. D. D. D. 

rol',mdaia. CQ.)~tJ'lJIS ~.Jc~ dunJdorulf. 

% Moisture 65-78.6 -- -:~O.O-80 60-84 61-81 67-79 

% CMbcbycIrIW 22-31 15-23 16 17-25 17-28 

% Sliin;) I 16.1-28 26.&-30.2 16.0 2$ I3-V 

% Free sugM O . .5-I.t 0.3-1 0.4 0.6 0.2 

%Prolem 1.1-3.1 1.1-23 1l.J···s · 1.3-1.9 2.8 

% Crude fat <0.1-0.6 O.os-O.l 0.06-0.2 0.()4...().3 0.3 
\ 

% Fibre 1.4-3.8 1.0-1.7 0.4 02-l.S 0.3 

%A:dt 0.7-2.1 0.7-26 O.S O.5-1.S 0.1 

PtJosphocollt (mg) 28-52 17 17 35-S3 4S 

Calcium (mg) 2&-38 36- 36 11-62 ~2 

VitamioC 2.0-8.2 6D-12.0 

(mwl00g) 

Hon (mg) S.!! 11.6 52 S.2 0.8 

Food energy (~) J40 142 71 112 122 

ikam1ene 01 g) S-10 

1lliwlliJ~ (lUg) 0.05- 0.10 I 0.1 

Ribofiavin (mg) 0.03- O.~ 0.01 

Niacin (mg) O.!! 0.8 

I 

SourcES: COtDe)' (1957); Bkl ( J 1185); BIIdImy and Holla'l\' ay (l9gS); Mtlt&-TuckEr d tJ. (1993); Osage 
(I992x Asiedo eI aI. II 991) and Opara (1999) . 

Yam tubers have been diversely utilized and stili have more utilization potentials. The main use 

of yam in producing co~ntries is as food (Rasper and Coursey, 1967) with little industrial 

involvement. 
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Consumer preference is highest for f~'esh yam, whiclI can be pounded, fried , boiled, or roasted 

like potatoes (Ravindran and Wanaslindel'a, (1992); Orkwor, (1998). After cassava and cereals, 

the highest source of dietary energy in Nigeria's food basket is yam (Oguntona, 1994). Yam 

tubers are aho processed into ikokore, yam chips and pellets (Mestl'es et al. , 2002), poultry and 

livestock feed just as like cassava (Opara, 1999). Yam flour (elubo) is another way in which yam 

can be processed. To prepare elubo, yam tubers are peeled, sliced, and parboiled in water at about 

63 ± 3°C. The slices are left in the water, well covered, for ab~ut 24 hours to ferment slightly. 

They are drained and dried uder the sun to reduce the moisture content. The dried slices are then 

ground to flour (Figure 1.1). Treatment with sodium bisulphate and other inhibitors of browing 

e.g. ascorbic acid, L-cystein and sodium metabisulphite, etc are often used to prevent phenolic 

oxidation, which darkens the colour of the product (especially with white Yl:! rn, D. rotundata) . 

Blanching in place of sodium bisulphate achieves similar results. 

Peel yam tubers 

Sl ice yim tubers 

patboil 
Cool in cooking water 

Andry 
Grind to flour tYAM Ii'LOUR) 

Figure 1.1: Processing of yam flour (eJubo) 

This Eilibo is usually mixed with four parts of boiling water to give a smooth thick paste called 

omala (Akissoe et aI., 2001) which is eaten with soup. Amala is a delicacy for the Yo~uba of 

western Nigerian (Osagie, 1992; Onwueme and Charles, 1994; Orkwor, 1998). The same product , 

is popular in Benin where it. is called telibo. 
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1.1 JUSTIFICATION 

What makes amala popular all over Southern Nigeria is the taste, texture and of course, the 

colour, which ranges from light to dark brown and sometimes near black. However, despite its 

acceptability in the western part of Nigeria, its colour deters its general acceptability in other 

parts of Nigeria particularly, the Eastern block. 

This research work was therefore designed to study the effect of some phenolic oxidase inhibitors 

on the reduction of browning, to improve on the texture and general appearance of the product 

thereby increasing the general acceptability uf amala. 

1.2 AIMS AND OBJECTIVES 

The aims and objectives' of this research work are: 

(i) To evaluate the potentials of ascorbic acid, L-cysteine ad sodium metabisulphite to inhibit 

the enzyme responsible for browning in yam flour (Elubo) processing. 

(ii) To correlate the extent of browning 111 yam flour (elubo) with inhibition of polyphenol 

oxidase (PPO). 

(iii)To assess the pasting qualities of yam flour (elubo) produced after inhibiting PPO. 

(iv)To assess the organoleptic qualities of yam flour meal (amala) produced from yam flour 

(elubo) processed by the inhibition ofPPO. 

6 



2.2 Overall features of Polyphenol o](idllse (PPO) 

Polyphenol oxidase (PPO), monophenol dihydroxy phenylalanine.: oxygen oxidoreductase (E.e. 

1.14.18.1), widely distributed in the plflnt kingdorn, is the enzyme responsible for catalyzing the 

disco loration of fruits and vegetables (Mayer and Harel, 1979). Plant PPO is located in the 

chloroplast bound to thylakoid membranes (Tolbert 1973, Oolbeck and Cammarata, 1981; 

Martinez and Whitaker, 1995). PPO is inactivated in the bound state, but when released into the 

cytosol such as when plant tissues undergu physical damage stich as bruising, cutting, ripening, 

or senescence, they are activated (Whitaker, 1995). 

Polyphenol oxidase (PPO) catalyzes two different oxidative reactions in combination with 

molecular oxygen: 1) the hydroxylatior, of mOi1ophenols into o-diphenols (monophenoi 

oxidation) and 2) the oxidation of dipheltc.ls into o-quinones (dipheno! oxidation). Oxidative 

reaction models using p-creso! as a monophenol substrate and cate",hol as a diphenol substrate are 

presented in Figure 1.1 (Whitaker 1994). In Figure 1.2, BH2 represents any compound that acts 

as a proton donor. SubseC;~lent polymerization of o-quinones, amino acids, and proteins results in 

tissue discoloration and loss of nutrients [10m fruits and vegetables (Whitaker 1994). 

8 



CHAPTER TWO 

2.0 LITERA TURE REVIEW 

2.1 General overview of Enzymatic Browning 

Appearance, flavour, texture and nutritional value are four attributes considered by consumers 

when making food choices. Appearance which is significantly impacted by colour is one of the 

first attributes used by consumers in evaluating food quality. Colour may be influenced by 

naturally occurring pigments such as chlorophylls, carotenoids and anthocyanins in food, or by 

pigments resulting from both enzymatic and non-enzymatic reactions. Enzymatic browning is 

one of the most important colour reactions that affect fruits, vegetables and seafoods. It is 

catalysed by the enzyme polyphenol oxidase (PPO), monophenol dihydroxy phenylalanine 

oxygen oxidoreductase (E.C. 1.14.18.1) (Mayer and Harel, 1979). 

The phenomenon of enzymatic browning has long been a source of concern to food scientists as 

it directly affects food quality. The incidence of tissue browning is desirable in the manufacture 

of black tea (Takeo 1966), tobacco (Sheen and Calvert 1969) and in the processing of sultana 

grapes and prunes (Grncarevic and Hawker 1971). It is undesirable in the processing of fruit s 

juices (Wolfrom et aI, 1974), yam (Anosike and Ikediobi, 1985) plantain and grain flour 

(Lamkin et aI, 1981) because of production of undesirable colour, odour and astringent flavours 

which reduce the commercial value of the product (Sciancalepore and Longone 1984; Lee et aI , 

1990). 

7 



1) Monophenol oxidation 

CH3 

p-Cresol 

2) Diphenoloxidation 

Catechol 

OH 

+ B + H2O 

CH3 

Proton donor 4-Methyl catechol 

2 

o-Benzoquinone 

Figure 1.2: Oxidati.'e reactions'of monophen~l a.ld diphenol by PPO (Whitaker 1994) 

Active PPO molecules contain two copper atoms in the active site (Gaykema, 1984). Lerch, 

(1983) proposed a change in PPO molecules during the catalysis of mono- and diphenol 

oxidation reactions. There are three recognized molecular forms of PPO, met- (Cu2+), oxy

(Cu2+), and deoxy-(Cul+) dependent on the charge of the copper ions and surrounding oxygen 

atoms (Figure 1.3). Changing of PPO molecular configurations a,s well as the PPO active site 

results in two different catalytic activities attributed to PPO. While diphenol oxidase of PPO from 

many plant sources were characterized in a number of literature, less intensive studies 011 

monophenol oxidase activity of PPO were reported because of the difficulty to detect the activity 

in assays (Lerch, 1983). 
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Figure 1.3: Proposed mechanisms and active sites for mOllophenol and diphenol oxidase 
activities of PPO. (Lerch, 1983) 

2.3 Polyphenol oxidase (PPO) from plant sources 

It is estimated that nearly 50% of harvested tropical fruits are discarded because of the quality 

defects resulting from tissue discoloration by the catalytic action of PPO (Whitaker, 1996), A 

number of intensive research studies of PPO were conducted to control PPO activity and to 
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prevent loss of fruit and vegetable crops for the fresh market and food processing industry. PPO 

has been partially purified and charactf.~ ri zed from many plant sources. 

2.4 Extraction of Polyphcnol oxidase (PPO) 

During PPO extraction and purification process, release of PPO from chloroplast membranes and 

removal of intrinsic phenolic compounds are critical to achieve high purity and yield. Detergents, 

such as Triton X-IOO and sodium dodecyl sulfate (SDS) are added to suspensions or 

homogenates to solubilize PPO in extracts. Buffers containing Triton X-IOO detergent are used 

for extraction of PPO from peaches (Wissemann and Montgomery, 1935) and bean sprouls 

(Nagai and Suzuki, 2003). 

Triton X-IOO was added to suspensions of precipitate obtained from centrifugation of 

homogenate for purification of PPO from strawberry (Serradell et ai, 2000) and Chinese cabbage 

(Nagai and Suzuki, 2001). Acetone precipitation followed by extraction using a Triton X-IOO 

detergent is effective for the partial purification of PPO from wild rice (Owusu-Ansah, 1989), 

Indian tea leaves (Halder et ai, 1998), or mangos (S)1arma et ai, 200 I). The addition of Triton x-

100 to extracting buffer did not increase PPO activity from loquat fruit PPO (Ding el al, 1998). 

The combination of acetone precipitation and extraction using SDS was applied for 

characterization of PPO from yam tubers (Anosike and Ayaebene, 1981). 

The addition of insoluble polyvinylpyrrolidone (PVP) or polyvinylpolypyrolidone (PVPP) was 

carried out to prevent the reaction between PPO and phenolic compounds during the extraction of 

litchi (Jiang et al, 1997), longan fruit (Jiang, 1999), field beans (Paul and Gawda, 2000), or 

coffee (Mazzafera and Robinson, 2000; Goulart et ai, 2003). Gonzalez ef ai, (2000) investigated 
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the influence of buffer compositiop on cxtractioil of PPO from blackberries, yielding high 

activity by adding 4% PVP and 0.5% Triton X-IOO in the extracting buffer. Broothaerts et al, 

(2000) observed 44 and 74% increases ill PPO activity in the extracts of tobacco and apple 

leaves, respectively, following the addition of Triton X- 100 during the extraction process. 

Bordier, (1981) and Sanchez-Ferrer ef ai, (1989) proposed an effective extraction method as an 

alternative to acetone, and ammonium sulphate precipitation of PPO as well as the addition of 

PVP in extracting buffers. The addition of the detergent Triton X-114 to homogenates resulted in 

two phase partitioning between hydrophilic and hydrophobic fractions depending on temperature. 

PPO and endogenous phenolic compounds were separated in hydrophilic and hydrophobic 

solvents, respectively. This method was successfully applied to extraction of PPO from spinach 

(Sanchez- Ferrer et al, 1989), peach, plum, almond, cherry, apricot (Fraignier el al, 1995), 

iceberg lettuce (Chazarra et al, 1996), bananas (Sojo et ai, 1998a), orchid aerial roots (Ho, 1999), 

truffles (Perez-Gilabert et ai, 2001), m(!dlar (Dincer et ai, 2002), and persimmons (Nunez

Delicado et ai, 2003). 

2.5 Characterization of l>olyphenoi oxidase (PPO) 

The examinations of substrate specificity and inhibition kinetics were assessed to characterize 

partially purified PPO from selected plant sources. The determinations of activity of purified PPO 

at selected pH and temp':!rature were also achieved to establish adequate handling and processing 

methods preventing PPOcatalyzed discoioration of fruits and vegetables. Selected Properties of 

PPO from selected plant sources including substrate, Km, and optimum pH and temperature are 

summarized in Table 1.1. 
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The presence of both mono .. and dip~lellol oxidase ;",ctivities are well documented in kiwifruit 

(Park and Luh, 1985), bananas (Thomas alld Janave, ! 986; Sojo et aI, 1998b), cherimoya 

(Martinez-Cayue1a et aI, 1988), Monastrell gmpes (Sanchez-Ferrer et ai, 1988), basil (Baritaux et 

ai, 1991), olives (Stefano and Sciancaiepore, 1993), potatoes (Sanchez-Ferrer et ai, 1993), pears 

(Espin et ai, 1996a; Espin et aI, 1996b), strawberries (Espin et ai, 1997a), avocados (Espin et aI, 

1997b), artichoke heads (Espin et ai, 1997c), apples (Espin et ai, 1998), raspberries (Gonzalez et , 

aI, 1999), lettuce (Chazarra et ai, \999; Hisaminato et ai, 200 I), eggplant (Perez-Gilabert and 

Garcia-Carmona, 2000), mangoes (Sharma et at, 2001), peaches (Laveda et ai, 2001), field beans 

(Gowda and Paul, 2002), sorghum (Dhko et aI, 2002), persimmons (Nunez-Delicado et aI, 

2003), and qllince fruit (Orenes-Pinero et ai, 2005). On the other hand, no monopheno) oxidase 

activity was reported in dates (Hasegawa and Maier, 1980), Muscat grapes (Interesse et aI, 1984), 

sunflower seeds (Raymond el ai, i 993), pineapple (Das et ai, 1997), or longan fruit (Jiang, ) 999). 
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Tablell: Properties of pa.rtWly purifle~ PPO from selected fruits and vegetabl8$ 
"'. . < 

(Miyuki Miynwnki , 2' 

Source Substrate Km Optimum Reference 

(mM) pH T(°e) 

Yam tubers Catechol 9 .1 Anosike and Ayaebene 

Pyrogallol 6 .3 (1981) 

Dlr-DOPA 2 .2 

Grape 4-MC 3 .5··4.5 25-45 Valel'o and others (1988) 

Wild rice Catechol 7 .8 25 Owusu-Ansah (1989) 

Plum Catechol 20 6.0 20 Siddiq and others (1992) 

Sunflower seed Gallic acid 1.11 7 .9 Raymond and others (1993) 

Mango 4-MC 5.8 30 Robinson and others (1993) 

Apple Catechol 34 18 Oktay and others (1995) 

Almond 4-MC 5.0 Fraignier and others (1995) 

Plum 4-MC 4 .5 - 5 .5 Fraignier and others (J.995) 

Peach 4-MC 5 .0 Fmignier and others (1995) 

Cherry 4-MC 4 .5 Fraignier and others (1995) 

Apricot 4-MC 5.0 '- 5 .5 Fraignier and others (1995) 

Iceberg lettuce CA O.B - 1.4 Chazarm and others (1996) 

TBC 1.0 - 1.2 

Litchi 4-MC 10 7 .0 70 Jiang and others (1997) 

Herb Catechol 25 7 .5 Arslan and others (1997) 

Pineapple 6.0 - 7.0 Das and others (1997) 

Loquat CA 0 .105 4 .5 30 Ding and others (1998) 

Indian tea leaf Catechin 0.49 Halder and others (1998) 

Epicatechin 0 .81 

Catechol 12.52 

Pyrogallol 17.81 

Gallic acid 19.33 

Raspberry Catechol 8 .0,5.5 Gonzalez and others (1999) 

Longan 4-MC 6.6 35 Jiang (1999) 

Orchid aerial 4 -MC 3 .7 -4.0 7.0 Ho (1999) 

root (+)-Catechin 2 .1 - 5.5 

Blackberry Gonzalez and others (2000) 

Wild Catechol 17.3 

Thornless Catechol 196.4 

Coffee Mazzafera and Robinson 

Leaves CA 0 .882 6 .0 - 7 .0 30 (2000) 

Endospenn CA 2.27 6 .0 - 7 .0 30 

4-MC; 4 -methylcatechol, lr-DOPA; lr-3,4-dihydroxyphenylalanine, DHPPA; 3-(3.4-dihydroA.yphenol) 

propionic acid, CA; cWorogenic acid, TBC; tert-butylcatechol 
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Table l-1Propertiu of partially pur~~~d PPO from ftelocted fruits and veeetables. (Con~".dJ 

Source Substrate Km Optimum Reference 

(roM) pH T (0C) 

Field bean Catechol 10.5 Paul and Gowda (2000) 

4-MC 4 .0 

L-DOPA 1.18 

Pyrogallol 12.5 

Strawberry Catechol 11.2 7.2 50 Serradell and others (2000) 

Banana 

Pulp Dopamine 2.8 6.5 30 Yang and others (2000) 

Peel Dopamine 3.9 6.5 30 Yang and others (2001) 

Chinese cabbage Catechol 682.5 5.0 50 Nagai and Suzuki (2001) 

Pyrogallol 15.4 

Dopamine 62.0 

Peppermint Catechol 6.25 7.0 30 . Kavrayan and Aydemir 

L-DOPA 9.00 7.5 55 (2001) 

DL-DOPA 7.93 7.5 5ci 

Medlar 4-MC 7.5 6.5 Dincer and others (2002) 

Catechol 88.0 

DHPPA 7 .2 

L-DOPA 76.2 

Epicatechin 60.6 

Persimmon mc 3.5 Nune-.l-Delicado and others 

(2003) 

Bean sprouts Catechol 71.0 9.0 40 Nagai and Suzuki (2003) 

Pyrogallol 84.6 

Dopamine 4 .5 

Garland CA 2.0 4.0 30 Nkya and others (2003) 

chrysanthemum H-epicatechin 10.0 8.0 40 

Artichoke Catechol 10.2 6.0 Aydemir (2004) 

4-MC 12.4 6.0 

DL-DOPA 36.3 B.O 

L-DOPA 37.7 8.0 

Pyrogallol 14.3 6.5 

Callicacid 43.6 6.0 

4-MC; 4-methylcatechol, L-DOPA; L-3,4-dihydroxyphenylalanine, DHPPA; 3-(3.4-dihydroxyphenol) 

propionic acid, CA; ch1orogenic acid, THe; tert-butylcatechol 
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2.6 Assays of PPO activity 

Development of a rapid, sensitive, and accurate method to determine PPO activity is of 

technological importance, providing adequate handling and controlling the acceptable quality of 

raw plant materials for both the fresh market and processing industry. The most common 

quantitative assay f0r extracted PPO determines the rate of o-quinone formation by 

spectrophotometrically assaying the increase in absorbance at 380 - 420 nm, depending on the 

selected substrate. For example, o-quinones formed from (+)-catechin, 4-methylcatechol, and 

chlorogenic acid substrates exhibit A max at 385,400, and 420 nm, respectively (Rollet-Mayer e{ 

aI, 1990). In the plot of absorbance over reaction time, the increase in absorbance is linear for 

only 30 to 90s and a decrease in absorbance is observed later. The decrease in absorbance is a 

result of the formaticn of insoluble dark colored polymers called melanins. While reacting with 

o-diphenol, PPO is inactivated by reacti g with intermediate o-semibenzoquinone free radicals 

that act on copper atoms in the PPO active site (Whitaker, 199A). 

Several other chromogenic assays coupled with the addition of amino acids such as cysteine 

(Gauillard et ai, 1993; Penalver et al} 2002), or glutathione (Penaiver ei ai, 2002) to reaction 

mixtures were proposed to determine diphenol oxidase activity by assaying corresponding 

quinone-amino acid cr quinone-thiol adducts exhibiting greater molar absorptivity (£) than 0-

quinones. 

Moreover, Rodriguez-Lopez et ai, (1994) reported that 3-methyl-2-bezothiazoline hydrazone 

(MBTH) is a good nucleophile, forming MBTH-adducts with o-benzoquinone to increase the 

sensitivity of the spectrophotometric determination of PPO activity. Based on the Vmax for 

catechol oxidation, the assay sensitivity to determine MBTH adduct was greater by 12.5 fold than 
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the sensitivity to determine obenzoquiI}onc attributed to the large molar absorptivity of MBTH 

adduct. Espin ei ai, ( I ~96) confirmed that the method to add MBTH to reaction mixtures is also 

effective to determine monophenol IJxidase activity of PPO extracted from pears by 

demonstrating large mol~r absorptivity of MBTH adduct as well as short lag periods. 

Another approach to measurement of PPO activity is the determination of changes in oxygen 

concentration in reaction mixtures containing extracted PPO and selected substrate with an 

oxygen-sensitive electrode. Unlike the plot of absorbance of reaction mixtures containing PPO 

and substrates, the plot of oxygen concentration in a reaction mixture decreases over reaction 

time as oxygen molecules are consumed by PPO-related reactions (Mayer et aI, 1966). The 

polarographic method was used for the determination of PPO from apples (Goodenough et ai, 

J 983), pears (Wissemann and Montgomery, \985) and coffee (Mazzafera and Robinson, 2000). 

I-IPLC (high performance liquid chromatography) methods can also be applied to determine PPO 

activity by quantifying the amounts of degraded substrates or oquinones. Labuza et al (1990) 

determined commercial tyrosinase activity expressed as residual concentrations of tyrosine 

substrate. 

2.7 CONTROL OF BROWNING IN FRUITS AND VEGETABLES 

Enzymatic browning does not occur in intact plant cells since phenolic compounds in cell 

vacuoles are separated from the polyphenol oxidase which is present in the cytoplasm. Once 

tissue is damaged by slicing, cutting or pulping, the formation of brown pigments occurs. Both 

the organoleptic and biochemical characteristics of fruits and vegetables are altered by pigment 
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formation. The rate of enzymatic br~wHillg in fruit and vegetables is governed by the active 

polyphenol oxidase content of the tissues, the phenolic (:ontent of the tissue, pH, temperature and 

oxygen availability within the tissue (Whitaker, 1994). 

As described earlier on, polyphenol oxidase catalyses the oxi~ation of phenols to o-quinones, 

which are highly reactive compounds. O-quinones thus formed undergo spontaneous 

polymerization to produce high-molecular-weight compounds or brown pigments (melanins). 

These melanins may in turn react with amino acids and prot~ins leading to enhancement of the 

brown colour produced. Many studies have focused on either inhibiting or preventing polyphenol 

oxidase activity in foods. Various techniques and mechanisms have been developed over the 

years for the control of these undesirable enzyme activities. These techniques attempt to 

eliminate one or more of the essential components (oxygen, enzyme, copper, or substrate) from 

the reaction (Lerch, 1983). 

i) The elimination of oxygen from the cut surface of fruits or vegetables greatly retards the 

browning reaction. Browning however occurs rapidly upon exposure to oxygen. Exclusion of 

oxygen is possible by immersion in water, syrup, brine, or ny vacuum treatment. 

ii) The copper prosthetic group of polyphenol oxidases must be present for the enzymatic 

browning reaction to occur. Chelating agents are effective in removing copper. 

iii) Inactivation of the polyphenol oxidases by heat treatments such as steam blanching IS 

effectively applied for the control of browning in fruits and vegetables to be canned or frozen. 

Heat treatments are not however practically applicable in the storage of fresh produce. 
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iv) Polyphenol oxidase catalyses th~ oxidation of phenolic substrates such as caffeic acid, 

protocatechuic acid, chlorogenk acid, and tyrosine. Chemical modification of these substrates 

can however prevent oxidation. 

v) Certain chemical compounds react v'/ith the products of poiyphenol oxidase activity and 

inhibit the formation of the coloured compounds produced in the secondary, non-enzymatic 

reaction steps, which lead to the formation of melanin. 

Many techniques are applied in the prevention of enzymatic browning. Relatively new 

techniques, such as t/1e use of killer enzymes, naturaily occurring enzyme inhibitors and ionizing 

radiation, have been explored and exploited as alternatives to heat treatment and the health risks 

associated with certain chemical treatments. Processing technologies applied in the control of 

enzymatic browning in fruits and vegetables are now reviewed. 

2.7.1 Inhibitors of browning 

Enzymatic browning can be inhibited by targeting the enzyme, the substrates (oxygen and 

polyphenols) or the products of the reaction. 

i) Inhibition targeted toward the enzyme 

Mayer and Harel, (1979) classified the inhibitors which act directiy 011 polyphenol oxidase into 

two groups. The first group, which consists of metal ion chelators, such as azide, cyanide, carbon 

monoxide, halide ions and tropoione, is well documented for the inhibition of polyphenol oxidase 

from various sources. The chloride ion was shown to be noncompetitive for apple polyphenol 

oxidase, while other halide ions were observed to have a competitive inhibitory effect (Janovitz

Klapp et ai, 1990). The second group of inhibitors, which consists of aromatic carboxylic acids of 
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the benzoic and ClI1naITlIC series, has been widely studied (Janovitz-Klapp et ai, 1990). 

Compounds of this group behavp. as c.otrlpctitive irlnibitors of polyphenol oxidase, owing to their 

structural similarity with phenolic SUbs!liltes 

ii) Inhibition targeted toward the ~mbstrate 

Enzymatic browning can be controlled by removal of either the oxygen or phenolic substrates, 

from the reaction medium. Elimination of oxygen is perhaps the most satisfactory methodology 

for preventing phenol oxidase catalyseo phenolic oxidation. The .removal of oxygen can however 

result in metabolic deviations since excessive reduction of oxygen induces anaerobic metabolism, 

leading to breakdown and off flavour d~vclopment in foods (Ballantyne et ai, 1988). 

, 
Vacuum packaging of pre-peeled potatoes to exclude oxygen, was observed to extend their shelf 

life (Langdon, 1987). Vacuum packaged products however rapidly undergo browning upon 

exposure to air. Anaerobic conditions created by vacuum packaging are a cause for safety 

concern in that they are potentially capable of suppo:1ing the growth of Clostridium botulinum 

and the production of its toxin (Tamminga et ai, 1978). 

Specific adsorbents, which undergo complexation with the phenolic substrate, may b~ applied ill 

the physical elimination of phenolic compounds from food systems. The use of cyclodextrins for 

the removal of phenolic compounds fwm raw fruit and vegetable juices has been patented in the 

United States (Hicks et aI, 1990). · Cyclodextrins are thought to inhibit polyphenol oxidase 

activity through the formation of inclusion complexes with polyphenols (Sapers et ai, 1989). 

Sulphated polysaccharides also have arl inhibitory effect on browning (Tong and Hicks.' 1991). 

Apart from possible cO'1lplexation, su lphate groups are believed to exert their inhibitory effect 
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2.7.2.0 Classification of Inhibitors 

The use of browning inhibitors in food processing is restricted by considerations' relevant to 

toxicity, wholesomeness, and effect on taste, flavour, texture, and cost. Browning inhibitors may 

be classified in accordance with their primary mode of action. Six categories of polyphenol 

oxidase inhibitors are applicable in the prevention of enzymatic browning (Table 1.3). These 

include (I) reducing agents; (2) acidulants; (3) chelating agents; (4) complexing agents; (5) 

enzyme inhibitors; (6) enzyme treatments. 

Each category of inhibitor is now discussed: 
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Table 1.3: RepresentatiYe ~1IiP.ibitors of Iwzymatic browning. (McEvily etal, 1992) 

Reducing agents 

Chelating agents 

Acidulants 

Enzyme inh 'bitors 

Enzyme treatments 

Complexing agents 

u\phiting agents 

Ascorb ic acid and analogs 

Cysteine 

Glutathione 

Phosphates 

EDTA 

Organic acids 

Citric acid 

Phosphoric acid 

Aromatic carboxylic acids 

Aliphatic alcobol 

AHions 

Peptides 

Substituted resorcinols 

Oxygenases 

O-methyl transferase 

Proteases 

Cyc\odextrins 
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2.7.2.1 Reducing agel1ts/Antio~il!:Ults 

Reducing agents play a role in the prevention of enzymatic browning either by reducing ( 

quinones to colourless diphenols, or by reacting irreversibly with o-quinones to form stabl 

colourless products. Reducing compounds are very effective in the control of brownil1l 

Sulphiting agents are the most widely applied reagents for the control of browning in the foo· 

industry (Tong and Hicks, 1991). 

a. Sulphiting agents 

Sulphites are the most widely used inhibitors of enzymatic browning. Su!phiting agents includl 

sulphur dioxide (S02) and several forms of inorganic sulphite that liberate S02 under ti ll 

conditions of their use. 

S02: sulphur dioxide 

sot: sulphite 

HS0 3': bisulphite 

S20 t: metabisulphite 

S02 and sulphite salts form sulphurous acid (H2S03) and exist as a mixture of the ionic species. 

bisulphite (HS03') and sulphite (So t ) anions in aqueous solution. The predominant ion ic 

species varies in accordance with pH, ionic environrr\ent, water activity, presence of nOI1 -

electrolytes, and concentration of the medium in which (hey are dissolved. Maximum HOS3' 

concentrations exist at pH A, while at pH 7; both sol ' and HS03' exist in approximatel y 

equivalent concentrations (Green, 1976). Increased concentrations of suifite at pHs of less than 5 
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were observed to enhan e +he inhibition of polyphenol oxidase-catalysed browning (Sayavedra-

Soto and Montgomery, 1986). The di basic acid undergoes ionization according to the following 

reaction scheme: 

with pKa values of 1.89 and 7.18 (25 °C, zero ionic strength) for the first and second ionizations, 

respectivel y (Figure 1.4). 
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Figure 1.4: The distribution of species of sulfurous acid at various pH values. (Ough, 1984). 

Sulphites serve a multifunctional role in foods. They possess antimicrobial activity and inhibit 

both enzymatic and non-enzymatic browning reactions. Madero and Finne, (1982) proposed that . 

bisulphite exerted a competitive inhibitory effect on polyphenol oxidase, by binding a sulphydryl 

group at the active sit(~ of the enzyme. Ferrer et ai, (1989b) on the other hand, proposed that 

bisulphite inhibition was due to the reaction of sulphites with intermediate quinones, resulting in 
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the formation of sulphoquinones, which irreversihly inhibited polyphenol oxidase, causing 

complete inactivation. Mechanisms involved in the control of enzymatic browning by sulphites 

are shown in Figure 1.5. 
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Figure 1.5: The primary role of reducing agents such as sulphiting agents in the inhibition 
of enzymatic browning is to reduce the pigment precursors (quinones) to 
colourless, less-reactive diphenols. (Walker, 1977). 

Although sulphites are very effective in controlling browning, they are subject to regulatory 

restrictions owing to trleir potentially adverse effects on health. Many reports have described 

allergic reactions in humans, following the ingestion of sulphite-treated foods by hypersensitive 

asthmatics. The use of sulphiting agents in food processing is based on sulfur dioxide 

equivalence (Modderman, 1986). Table 1.4 gives a list of sulphiting agents and their theoretical 

yields of sulfur dioxide. The Joint Expert Committee on Food Additives (JECFA) of the World 
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Health Organization (WHO) and th~ Food and Agriculture Organization (F AO) recommend an . 

acceptable sUlphite daily intake of 0-0.7 mg sulphur dioxide per kg of body weight. 

Table 1.4. Chemicals,yielding sulfur dioxide which are currently allowed for use in food ~lS 

preservatives. (Green, 1976) 

Chemical Formula Theoretical Yield (%) Solubility (mg/lOO mL) 

Sulphur dioxide S02 100.0 11 at 20°C 

Sodium sulphite anhydrous Na2S03 50.8 28 at 40 °C 

Sodium sulphite (heptahydrate) Na2S03 .71-hO 25.4 24 at 25°C 

Sodium hydrogen sulphite NaHS03 61.6 300 at 20°C 

Sodium metabisulphite Na2S20S 67.4 54 at 20°C 

Potassium metabisulphite K2S2OS 57.6 25 at 0 °c 

Sulphites are currentiy applied for the inhibition of melanosis (blackspot) in shrimp, potatoes, 

mushrooms, apples, and other f 'uits and vegetables. Sulphites are also applied in stabi lizing the 

flavour and colour of wines. Sulphite concentr~tions necessary for contrulling enzymatic 

browning vary widely in accordance ,with the food material and the time required for inhibition of 

the browning reaction (Taylor et al., 1986). Where only monophenolic substrates, such as 

tyrosine are present, as in the case of potatoes, relatively low levels of sulphite are effective in 

inhibiting browning. On the other hand, where diphenol are present, as is the case in avocados, 

much higher sulfite concentrations are required for the control of browning. 
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Sulphites no longer have "Generally Required as Safe Status" (GR.r\S) status for use on fruits and 

vegetables served raw, sold raw or presented to the c,onsumer as raw in the United States. 

According to the United States Federal Register, (1988) foods containing detectable levels of a 

sulphiting agent, at lOppm regardless of source, l1Iust declare the sulfite and its content on the 

ingredient label. More regulatory restrictions are likely to be globally applied to the use of 

sulphites in foods since sulphite allergies pose a health risk in many populations. Regulations 

enacted by the United States Food and Drug Administration' (FDA) in 1995 prohibit the use of 

sulphites in salad bars. As a result, there has been a considerable focus on identifying appropriate 

sulphite substitutes for use in foods. The FDA has proposed maximum residual sulphur dioxide 

levels for certain foods. In accordance with these proposed limits, residual sulphur dioxide l e v~l s 

for fruit juices, dehY(irated potatoes, and dried fruit, are 300, 500, and 2000ppm respect.ively 

(Federal Register, 1988). Shrimp products having residual sulphite levels in excess of 100ppm 

are considered adulterated, since ,these levels are considered unsafe (Federal Register, 1985). 

b. L-Ascorbic acid 

Ascorbic acid is a moderately strong reducing compound, which is acidic in nature, forms neutral 

salts with bases, and is highly water-soluble. L-ascorbic acid (vitamin C) and its various neutral 

salts and other derivatives have been the leading GRAS antioxidants for use on fruits and 

vegetables and in fruit juices, for the prevention of browning and other oxidative reactions 

(Bauernfeind and Pinkert, 1970). 

Ascorbic acid also acts as an oxygen scavenger for the removal of molecular oxygen in 

polyphenol oxidase reactions. Polypheno) oxidase inhibition by ascorbic acid has been attributed 

to the reduction of enzymatically formed o-quinone::; to their precursor diphenols (Walker, 1977). 
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Ascorbic acid is however irreversibly ox idized to dehydroascorbic acid during the reduction 

process, thus allowing browning to occur upon its depletion (Figure 1.6). More stable forms of 

ascorbic acid derivatives, such as erythrobic acid, 2- and 3-phosphate derivatives of ascorbic 

acid, phosphinate esters of ascorbic acid, and ascorbyl-6-fatty acid esters of ascorbic acid, have 

however been developed to overcome these problems (Sapers and Hicks, 1989). Ascorbic acid 

esters release ascorbic acid upon hydrolysis by acid phosphatases (Liao and Seib, 1988). Their 

relative effectiveness as browning inhibitors varies in accordance with the food product 

(Bauernfeind and Pinkert, \970). Compounds containing reactive amino or thiol groups can 

greatly affect the reactivity of o-quinones. 

Ascorbic acid 

Dehydroascorbic acid 

Figure 1.6: Mechanism of prevention of colour formation by ascorbic acid. 

Ascorbic acid causes a distinct yellow off·colour, when used in the prevention of melanosis in 

shrimp (Otwell and Marshall, 1986). It is usually applied in conjunction with citric acid in order 

to maintain a more acidic pH ievel. In addition, it is also believed to have a chelating effect on the 

copper prosthetic group of polyphenol oxidase (Whitaker, 1972b). 
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c. Erythorbic acid 

Erythorbic acid and its salt, sodium erythorbate, are strong reducing agents with GRAS status. 

They both act as oxygen scavengers, thus eliminating oxygen as a substrate for browning 

reactions. Erythorbic acid is the D-isomer of ascorbic acid but does not have vitamin C activity 

(Sapers and Hicks, 1989). Its lise in conjunction with citric acid has often been suggested as a 

substitute for sulphites in the control of enzymatic browning. Current research suggests that L

ascorbic acid and erythorbic acid both possess equivaient antioxidant properties. A combination 

of both acids is applied at the retail level for inhibiting both oxidative rancidity and 

di scolouration in vegetables, salads, apples, and frozen seafood (Sapers and Hicks, \989). 

Erythobic acid or sodium erythorbate can suppress browning reactions in frozen fruits. 

d. Cysteine 

Cysteine is an effective inhibitor of enzymatic browning. 1t is reported to be more effective than 

sodium bisulphite as an antibrowning agent (Kahn, 1985). Concentrations of cysteine and other 

th iols required for the achievement of acceptable levels of browning inhibition have however 

been shown to have negative effects on taste. The inhibition of melanosis by cysteine is thought 

to be due to the formation of colourless thiol-conjugated o-quinones (Pierpoint, 1966). Cysteine 

has also been shown to reduce o-qllinones to their phenol precursors (Walker, 1977; Cilliers and 

Singleton, 1990). 

A mode of action for cysteine and cysteinyl addition in the control of browning proposed by 

Richard-Forget et ai, (1992) is illustrated in Figure 1.7. Cysteine-quinone adducts serve as 

competitive inhibitors of polyphenol oxidase. Sulphydryl (thiol) compounds N-acetyl-L-cysteine 
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(NAC) and reduced glutathion (OS H) are also ~xcellent inhibitors of browning of potato powder 

(F igure 1.8, Friedman et ai, 1992) . 
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Figure 1.7: Effect of cysteine and cyteinyl addition compounds with o-quinones on the 
enzymatic oxidation of o-diphenols. (Richard-Forget et aI., 1992). 
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Figure 1.8: Inhibition of potato browning by N-acetyl-L-cysteine (5% potato in water; 
inhibitor 0.8 mM; 5h; room temperature). (Friedman et aI., 1992). 

e. Phenolic antioxidants 

Antioxidants are defined by the United States Food and Drug Administration (FDA) as 

substances, which may be applied in preserving food by retarding deterioration, rancidity or 

discolouration due to oxidation. Antioxidants inhibit oxidative processes by reacting with free 

radicals, through metal chelation, and by scavenging singlet oxygen . 

Both synthetic and naturally occurnng phenolic antioxidants are used in food applications. 

Several synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated 

hydroxy toluene (BHT), tertiar"ybutyl hydroxyquinone (TBHQ) and propyl gallate (PG), are 

permitted for use in food. Their structures are shown in Figure 9. Plant phenolic compounds such 

as tocopherols, flavonoid compounds, cinnamic acid derivative , and coumarins are naturally 
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occurring compounds, which hav.;~ an antioxidant effect that renders them inhibitory to 

polyphenoloxidase, and thus browning. 
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Figure 1.9: Major antioxidants used in food (Ballantyne et af. 1988). 
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2.7.3 Acidulants 

Ionizable groups of the protein structure of enzymes are affected by the pH of th~ food medium. 

These groups must be in the appropriate ionic form in order to maintain the conformation of the 

active site, bind substrates, or catalyse the enzymatic reaction (Segel, 1976). Changes in the 

ionization status of enzymes are generally reversible. Irreversible denaturation can however occur 

under conditions of extreme pH. The stability of the substrate is also affected by changes in pH, 

since substrates can undergo chemical breakdown under extreme conditions of pH. Degraded 

substrates often behave as enzyme inhibitors, since they share the molecular features of the 

substrate (Tipton and Dixon, 1983). 

Acidulants are generally applied in order to maintain the pH well below that required for 

optimum catalytic activity of an enzyme. Acidulants such as citric, malic, and phosphoric acids 

are capable of lowering the pH of a system, thus rendering polyphenol oxidase polyphenol 

oxidase inactive (Richardson and Hyslop, 1985). Acidulants are often used in combination with 

other antibrowning agents. 

a. Citric acid 

Citric acid is the one of the most widely used addulants in the food industry. It is typically 

applied at levels ranging between 0.5 and 2 percent (w/v) for the prevention of browning in fruits 

and vegetables. In addition, it is often used in combination with other antibrowning agents such 

as ascorbic or erythorbic acids and their neutral salts, for the chelation of prooxidants and for the 

inactivation of polyphenol oxidase. Recommended usage levels for citric acid typically vary 

between 0.1 and 0.3 percent (w/v) with the appropriate antioxidant at levels ranging between 100 
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and 200 ppm (Dziezak. 1986). Citric a~id exerts lts' inhibitory effect on polyphenol oxidase by 

lowering the pH as well as by chelating the copper at the active site of the enzyme. 

2.7.4 Chelators 

Enzymes generally possess metal ions at their active sites. Removal of these ions by chelating 

agents can therefore render enzymes inactive. Chelating agents complex with prooxidative 

agents, such as copper and iron ions, through an un shared pair of electrons in their molecu lar , 

structures. Chelators have been applied in various food processing applications, for enzyme 

inactivation (McEvily e( aI, 1992). Chelators used in the food industry include sorbic acid, 

polycarboxylic acids (citric, malic, tartari , oxalic, and succinic acids), polyphosphates (A TP and 

pyrophosphates), macromolecules (porphyrins, proteins), and EDTA. 

Other non-GRAS chelating agents whiclt arc capable of inhibiting polyphenol oxidase include 

cyanide, diethyldithiocarbonate, sodium azide and 2-mercaptobenzothiazole, carbon monoxide, 

Illercaptobenzthiazol, dimercaptopropanol , Hnd potassium methyl xanthate. 

Ascorbic acid also has a chelating effect on the prosthetic group of polyphenol oxidase. 

a. Ethylene diamineteh ii~cetic acid (EDT l~) 

Ethylene diaminetetraacetic acid (EDTA) is a chelating agent permitted for use in the food 

industry as a chemical preservative. Calcium disodium EDTA (21 CFR 172.1 20) and disodium 

EDTA (21 CFR 172.135) have been approved for use as food additives by the United States Food 

and Drug Administration (Anon, 1992). Highly stable complexes are formed by the sequestering 

action of EDT A compounds on iron, copper, and calcium. Maximum chelating efficiency occurs 

at the higher pH values where carboxyl groups exist in a dissociated state (Dziezak, 1986). 
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Ethylene diaminetetraacetic acid (EDT!~I) is generally used in combination with other chemical 

treatments for the prevention of enzymatic browning in foods. It not very effective as an inhibitor 

of peach polyphenol oxidase (Wong et ai, 1971). 

A typical combination of anti-browning agents might consist of a chemical reducing agent 

(ascorbic acid), an acidulant (citric acid) and a chelating agent (EDTA). 

b. Phosphates 

Polyphosphates, sodium acid pyrophosphate, and metaphosphate are chelating agents of limited 

cold water solubility. They have been used as antibrowning agents for fresh-peeled fruits and 

vegetables at concentrations as low as 0.5 to 2 percent (final concentration in the dip solution) 

(McEvily et ai, 1992). Sporix ™ , an acidic polyphosphate mixture (sodium acid pyropho~phate, 

citric acid, ascorbic acid, ~nd calcium chloride), has been observed to delay the onset of oxidation 

and enzymatic browning in fruits and vegetables (Gardner et aI, 1991). 

c. Maltol 

Maltol (3-hydroxy-2-methyl-4H-pyran-4-one), a y-pyrone derivative, is a relatively weak 

inhibitor of the formation of pigmented products. Structurally, it contains an a, p-unsaturated 

keto-enol constituent, which makes it a good chelator. Maltol does not however chelate copper at 

the active site of polyphenol oxidase. It prevents browning either through its ability to conjugate 

o-benzoquinones back to o-dihydroxyphenols or through irreversible inactivation of polyphenol 

oxidase (Kahn, 1995). 

d. Kojic acid 
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Kojic acid (5-hydroxy-2-hydroxymethyl- /~H-pyran-4-0ne) , a y-pyrone derivative, is a fungal 

metabolite produced by many species (of Aspergillus and Pe1licillium. It is a good chelator of 

transition metal ions such as Fe (III) alld Cu (II) (Beelik, 1956; Wiley et ai, 1942). Kojic acid 

occurs in many fermented oriental foods, and possesses both antibacterial and antifungal 

activities. A mixture of ascorbic acid and kojic acid has been patented for use as an anti-browning 

agent in foods (Fukusawa et aI, J 982). Kojic acid has potential applicability in the prevention of 

melanosis in both plant and seafood products. Saruno et ai, (1979) demonstrated that kojic acid 

from Aspergillus albus inhibited mushroom PPO activity. Kojic acid was also shown to inhibit 

melanosis in pink shrimp (Applewhite et ai, 1990). Chen et aI, (1991 b) determined that kojic acid 

was a competitive inhibitor of the oxidation of chlorogenic acid and catechol by apple polyphenol 

oxidase. 

Kojic acid inhibits the rate of formation of pigmented products, as well as the rate of oxygen 

uptake, when various o-dihydroxy- and trihydroxy phenols are oxidized by tyrosinase (Kahn, 

1995). Tyrosinase inhibition by kojic acid was thought to be due to the ability of kojic acid to 

bind copper at the active site of the enzyme. Although kojic acid is a good inhibitor of 

polyphenol oxidase, its toxicity is of concern. Wei el ai, (1991) reported weak mutagenic activity 

of kojic acid in a Salmonella typhimurium assay. 

e. Polysaccharides 

Various sulfated polysaccharides, including carrageenans,- amylose sulfate, and xylan sulfate, 

were determined to be effective browning i hibitors in both apple juice and diced apples (Tong 

and Hicks, 1991). Pectin, a naturally occurring anionic polysaccharide at a concentration of 0.5 

percent, gave between 5 and 10 percent inhibition of apple juice browning (Tong et ai, 1995). 
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Carboxyl groups present in pectin are l~di(:v d to b~ capable of chelating the copper moiety of 

polyphenol oxiJase, thus preventing browning. 

f. Carbon monoxide (CO) 

Carbon monoxide (CO) is a known inhibito!' of many copper-containing oxidases and behaves as 

a noncompetitive inhibitor of phenolic substrates. It has been studied in preventing the 

discolouration of Shitake mushrooms (Fujimoto et ai, 1972). Polyphenol oxidase activity 
, 

extracted from freeze-dried mushroom powder was inhibited by CO (Albisu ef ai, j 989). This 

inhibition was however reversible and removal of CO led to restoration of the initial activity. A 

two-step gas treatment of potato strips with S02 foilowed by CO, resulted in 93.7 percent and 

99.9 percent inactivation of prophenol oxidase and polyphenol oxidase respectively, after 60 days 

at room temperature (Kramer et ai, 1980). A number of safety problems are however associated 

with the use of carbon monoxide gas. 

2.7.5 Complexing agents 

a. Cyclodextrills 

The cyclodextrins (CDs) are a class of cyclic oligosaccharides produced by the action of 

cyclomaltodextrin glucanotransferase (COTase) on liquified starches. Industrially produced CDs 

contain 6-8 glucose units per macrocycle, linked by a-(l,4)-glycosidic bonds and include 
\ 

cyclomaltohexose (a -CD, 6 units), cyclomaltoheptaose W-CO, 7 units), and cyclomaltooctose (y-

CD, 8 units). The chemical stl'Ul:ture and a diagrammatic representation of the functional 

structure of beta-CD are depicted in Figure l.l O. Structurally, all of the C-6 (primary) hy'droxyl 
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groups project from one side of the tOfuS of the CD. while the C-2, 3 (secondary) hydroxyl 

groups project from the other. The central cavity of CD is hydrophobic while the outer region of 

the oligosaccharide is hydrophilic due 10 the presence of primary and secondary hydroxy Is at 

both the narrow and wide bases., CD's are highly insoluble. Their solubility can however be 

increased by the action of de-branching enzymes such as isoamylase and pullulanase (Okada et 

al., 1988). 

Hydroprobic 

'Z' hydroxy! ri m 

1° hydraxyl rim 

Hydroplilic shell 

Figure 1.10: Schematic and chemical structure of a Il-cyclodextrin molecule (Okada et 01.,1988). 
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The most important fun~tional property' of cyclodextrins is their ability to behave as clathrate-like 

compounds in the formation of inclusidn complexes with a range of guest molecules. If the guest 

molecule is of suitable size and conformation that allow it to bind within the hydrophobic core, 

complex formation takes place. Larger guest molecules form relatively weak complex'es due to 

partial binding. Greater inclusion activity of these larger guest molecules can however be 

obtained by suitable chemical modification of the CD. This application is of particular interest to 

the food industry for the molecular encapsulation of insoluble or volatile food ingredients 

(Pagington, 1986). 

The use of CD has been proposed for the control of enzymatic browning in apple products 

(Billaud et ai, 1995; Sapers et ai, 1989). cyclodextrins (CD) inhibits juice browning through the 

binding of polyphenol oxidase substrates. Polyphenols can be ren~oved by P-CD and by insoluble 

polyvinyl polypyrrolidone or polyethylene glycol (Osuga et ai, 1994). The thermodynamics of 

inclusion complexes of a-CD, p-CD, y-CD, and polymerized P-CD with chlorogenic acid as a 

substrate of apple polyphenol oxidase were studied in order, to elucidate a mechanism for the 

inhibition of juice browning. Alpha-CD and y-CD were less effective than the y-CD ill the 

inhibition of browning in apple juice (Irwin et ai, 1994). The internal cavity of P -CD is slightly 

apolar, thus allowing it to induce inclusion complex formation with guest molecules such as 

phenolic substrates of polyphenol oxidases, thereby preventing their oxidation to quinones and 

subsequent polymerization to brown pigments. The adsorption of flavour or colour compounds 

by cyclodextrins poses a major drawback to their use in food systems. Although the applicability 

of cyclodextrins in fruit and vegetable juices has been patented (Hicks et ai, ) 990), cyclodextrins 

have not yet been approved for food use by the United States FDA. 
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b. Chitosan 

Chitosan, a naturally abundant polymer of P-( 1-.4:' -N-acetyl-D-glucosamine, is derived from the 

chitin of shellfish. Chitosan has antimicrobial properties, is soluble in dilute organic acids and is , 

capable of forming films or membranes. Chitosan is non-toxic, biodegradable, and a naturally 

occurring product in our food supply. It has been shown to inhibit enzymatic browning in apple 

and pear juices (Sapers, 1992). The addition of 200 ppm chitosan to McIntosh apple juice, 

resulted in the inhibition of browning. Although the mechanisms by which chitosan inhibits 

browning are not known, its inhibitory effect is probably a consequence of the ability of the 

positively charged polymer to adso,rb suspended polyphenol oxidase, its substrates, or products. 
, 

Treatment of shrimp with 2 percent chitosan resulted in a consistently reduced incidence of 

melanosis during storage (Simpson et ai, 1997). Chitosan also exhibited strong antimicrobial 

properties inhibiting several microorganisms at concentrations ranging between 0.0075 - 0.0 I 

percent (Simpson et ai, 1997). 

A research study conducted by Zhang and Quantick, \. 1997) indicated that chitosan coating had 

potential inhibitory activity on polyphenol oxidase and peroxidase activity in Iychee ' (Litchi 

chinensis Sonn.) fruit. Chitosan has been shown to improve the storability of fruits. Its 

effectiveness in this respect is therefore thought to be 'due to the formation of a protective barrier 

on the surface of fruit , which reduces the supply of oxygen for the enzymatic oxidation of 

phenolics. Chitosan is non-toxic and is biologically safe (Hirano et ai, 1990). Thus, the 

application of a chitosan coating for the control of browning and quality improvement in fruits 

and vegetables might be accomplished in combination with other methods such as low 

temperature and suitable packaging. 
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2.7.6 Enzyme inhibitors 

a. 4-Hexylresorcinol 

Substituted resorcinols, which are m-diphenolic compounds that are structurally related to 

phenolic substrates, have a competitive inhibitory effect on polyphenol oxidase activity (McEvily 

e/ ai, 1991, 1992). Hydrophobic substitution with hexyi, dodecyl, and cyclohexyl groups at the ~-

position of the aromatic resorcinol ring increases the effectiveness of their competitive inhibitory 

effect on polyphenol oxidase (McEvily el ai, 1992). Studies conducted by McEvily el aI, (1992) 

revealed cyclohexyl-substituted resorcinols to have the lowest Iso. i.e. the inhibitor concentration 

that resulted in 50 percent inhibition of polyphenoloxidase activity, at a concentration of O.2JlM 

of the substituted resorcinol. Both the monophenolase and diphenolase activities of tyrosinase are 

inhibited by 4-hexylresorcinol (4-HR). Four-hexylresorcinol has a long history of use in 
I 

pharmaceuticals and is considered to be safe and effective in use as an anti-browning agent 

(frankos et ai, 1991). 

four-hexylresorcinol has several advantages over sulphites when applied in the control of 

browning in foods. These include its specific mode of inhibitory action, effectiveness at low 

concentrations, inability to bleach preformed pigments, and chemical stability. It has a synergistic 

effect with ascorbic acid in the ,Prevelltion of browning. Ascorbic acid reduces quinones 

generated by polyphenoloxidase while 4-HR specifica\!y interacts with polyphenol oxidase, and 

renders it incapable of catalysing the enzymatic" reaction (Kahn and Andrawis, 1985) (Figure 

1.11 ). 
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Figure 1.11: The inhibitory effect of 4-hexylresorcinol on PPO. (Kahn and Andrawis, 1985). 

Four-hexylresorcinol is applicable in the control of browning in fresh and hot-air dried apple 

slices as well as in apple juice (McEvily et ai, 1992). Several studies have shown the 

effectiveness of 4-HR in controlling enzymatic browning in shrimp (Otwell et aI, 1992; McEvily 

el ai, 1991), mushroom (Osuga et ai, 1994) and apple slices (Monsalve-Gonzalez et aI, 1993). 

EverFresh™ a patented product (United States patent # 5,049,438) which consists of 4-HR as the 

active ingredient and sodium chloride as the carrier agent has been studied as an alternative to 

sulphites in the control of enzymatic browning, or blackspot, in crustaceans (Lambrecht, 1995). 

Raw headless brown shrimp dipped in 4-HR for I min, exhibited greater stability to blackspot 

formation for a longer period of time than shrimp dipped in fresh water (controls) or 1.25 percent 

sodium metabisulphite. After 7 days of storage at 2°C, raw headless brown shrimp treated with 

water showed 54 percent blackspot; sulphite-treated shrimp showed 11 percent blackspot, while 
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4-HR-treated shrimp had only 3.6 perc~nt blacksput (Figure 1.12). At day 14, blackspot on 

control and sulphite-treated shrimp increa!)ed to 75 percent and 25 percent, respectively. The 4-

HR treated shrimp did not however show an increase in blackspotting. This compound has been 

proposed for use on various fruits and vegetables by McEvily et ai, (1991). Figure 1.13 shows 

inhibition of enzymatic browning by 4-HR in star fruit. 
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Figure 1.12: Blackspot (%) in raw head-off brown shrimp treated with 4-HR and 1.25% 
sulfite, and stored at 2°C. (Lambrecht, 1995). 
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A. B. 

Figure 1.13: 4-HR treatment (0.02% for 2 min dip) of star fruit. A. Treated B. Non-treated 
McEvilv et al. (1991). 

Four-hexylresorcinol is a chemically stable, water-soluble compound. Toxicological, mutagenic, 

carcinogenic, and allergenic studies have shown that there are no risks associated with the levels 

of 4-HR used in the treatment of shrimp (Frankos et ai, 1991). Four-hexylresorcinol has obtained 

GRAS status from the United States Food and Drug Administration, for use on shrimp (Federal 

Register, 1992). Its use in the inhibition of shrimp melanosis has no effect on taste, texture, or 

colour at residual levels ofless than 1 ppm (Iyengar et ai, 1991; King et ai, 1991). 

b. Halide salts 

Inorganic halides are well-known inhibitors of polyphenol oxidases (Vamos-Vigyaz6, 1981). 

Janovitz-Klapp et ai, (1990) determined that NaF was the most potent inhibitor of apple 

polyphenol oxidase, followed by NaCI, NaBr, and NaI. The inhibition of enzymatic browning by 

halides decreases with increasing pH. Sodium chloride and calcium chloride at concentrations of 

ranging between 2 and 4 percent (w/v) are most commonly used in the food industry for the 

inhibition of browning (Steiner and Rieth, 1989). Poplyphenol oxidase activity was observed to 

decrease with increasing concentrations of NaCI for peach (Lub and Phithakpol, 1972), eggplant 
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and avocado (Knapp, 1965). Sodium zinc chloride was shown to be a highly effective browning 

inhibitor when used in combination with cp.lcium chloride, ascorbic acid, and citric ~cid (Bolin 

and Huxsoll , 1989). 

c. Honey 

Honey has been shown to inhibit enzymatic browning. The use of honey as a natural browning 

inhibitor is therefore of great consumer interest. Honey was shown to inhibit browning in apple 

slices, grape juice and in model systems (Oszmianski and Lee, 1990). The browning of apple 

slices was inhibited to a greater extent by 10 percent honey, than by a sucrose solution containing 

an equivalent sugar cortcentration. Purification of honey by Sephadex 0-15 column 

chromatography revealed the compound in honey, responsible for the inhibition of polyphenol 

oxidase, to be a small peptide of approximately 600 Da molecular weight. Proteins, peptides, and 

amino acids exert an inhibitory effect on polyphenol oxidase activity by chelating the essential 

copper at the active site of polyphenol oxidase, thus forming stable complexes with Cu2
+ (Kahn, 

1985). The honey peptide is thought to exert its inhibitory effect through a similar mechanism. 

Honey has been shown to contain antioxidants: tocopherols, alkaloids, ascorbic acid, flavonoids, 

and phenolics. The antioxidant content and the efficacy of honeys in inhibiting polyphenol 

oxidase activity vary in accordance with the type of honey (Chen el aI, 1998). The effect of 

commercial browning inhibitors (ascorbate and sodium metasulphite) and various honeys were 

compared in a study on p:;iyphenol oxidase activity and browning. A.ntioxidant content showed a 

positive correlation to honey colour. The addition of various honeys to fresh potato homogenales 

resulted in a 0-50 percent reduction in polyphenol oxidase activity and a decrease of 0-7 units in 

the browning index (Chen et ai, 1998). 
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d. Amino acids, peptide~ ~nd proteins 

Amino acids, peptides or proteins can affect polyphenol oxidase-catalysed browning either 

through direct inhibition of the enzyme or by reacting with the quinone products of polyphenol 

oxidase catalysis (McEvily ef ai, 1992). Proteins, peptides and a.-amino acids are capable of 

forming stable complexes with Cu2+. In addition, they are also capable of chelating copper at the 

active site of polyphenol oxidase. Histidine and cysteine have particularly high affinities for Cu
2
+ 

since, apart from having NH2 and COOH groups, histidine possesses an imidazole ring and 

cysteine, a tlliol group, both of which have metal binding capacity (Bell, 1977). 

Kahn, (1985) studied the effects of proteins, protein hydrolysates, and amino acids on 0-

dihydroxyphenolase activity in mushroom, avocado and banana. Mushroom PPO was weakly 

inhibited by mM concentrations of L-I /sine, glycine, L-histidine and L-phenylalanine. L-cysteine 

was the most effective amino acid in inhibiting o-dihydroxyphenolase activity. Amino acids 

inhibit polyphenol oxidase activity through the formation of stable complexes with copper. In 

addition, thiol containing inhibitors form 'ulfur adducts with the o-quinone, thus blocking 

polymer formation and preventing browning (Figure 1.14). Mason and Peterson, (1965) showed 

that N-terminal primary amino groups, aliphatic amino groups (secondary amines in amino acids) 

and thiol-containing amino acids react with o-benzoquinones and 4-methyl-o-benzoquinone, 

while only thiol-containing compounds and aromatic amines react with oxidation products of 

DOPA (dihydroxyphenylalanine). 
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Figure 1.14: Postulated mechanism for the inhibition of PPO induced enzymatic browning 
by thiols. (Friedman and Molnar··Perl, 1990. . 

e. Aromatic carboxylic acids 

Aromatic carboxylic acids of the benzoic acid and cinnamic acid series are polyphenol oxidase 

inhibitors, owing to their structural similarity to phenolic substrates (Krueger, \955). 

Undissociated forms of these acids are capable of inhibiti!lg polyphenoloxidase, through 

complexation with copper at the active site of the enzyme. The degree of polyphenol oxidase 

inhibition by carboxylic acids is pH dependent, and increases with a decrease in pH. 

Cinnamic acid and its analogues, p-coumaric, ferulic, and sinapic acids were found to be potent 

inhibitors of potato (Macrae and Duggleby, 1968) and apple polyphenol oxidases (Pifferi el ai, 

1974; Walker and Wilson, 1975). Cinnamic acid at levels of 0.0 I percent was observed to be 

effective in providing long-term inhibition of polyphenol oxidase in apple juice (Walker, 1976). 

Benzoic acid and its derivatives had an inhibitory effect on polyphenol oxidase activity in 

mushrooms (Kermasha el ai, 1993) and grapes (Gunata el ai, 1987). 
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f. Aliphatic alcohols 

Although the inhibition of polyphenol oxidase by ethanol bas been reported (Kidron et at, 1978), 

there are no extensive studies which describe the effect of aliphatic alcohols on polyphenol 

oxidase. Valero et at, (i990) studied the effects of natural aliphatic alcohols on grape 

polyphenoloxidase. Inhibition was observed to increase with increasing chain length of the 

aliphatic alcohol. 

2.7.7.0 Other inhibitors 

2.7.7.1 Killer enzymes 

As paradoxical as it may seem, enzyme action can be exploited fOi the control of undesirable 

enzyme activities. This is achievable in three ways: (1) sllbstrate and/or product modification by 

enzymes other than the target enzymes; (1) direct inactivation of the target enzyme by other 

enzymes and (3) inactivation by secondary reactions of highly reactive products. The activities of 

"killer enzymes" or "anti-enzyme enzymes" which inacti vate other enzymes via direct proteolytic 

acti vity have been demonstrated Kelly and Finkle, (1969). The use of enzymes to control other 

enzyme-related processes has also has been reported in the control of enzymatic/nonenzymatic 

browning. 

a. Ring-cleaving oxygenases 

Kelly and Finkle, (1969) proposed irreversible modification of phenolic substrates by enzymes as 

one mechanism for the control of browning. Apple juice treated with the bacterial enzyme 

protocatechuate-3, 4-diox~, genase in .combination with ascorbic acid prevented browning due to 
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the 0 idative ring-opening reaction and. artbo-tissiolJ of ~alechols by the enzyme. The enzyme 
, 

deprived polyphenol oxidase enzyme:; of required substrates (Kelly and Frinkie, 1969). 

b. Catechol transferase 

Finkle and Nelson, (1 )63) . proposed the use 'of catechol transferase (EC 2.1.1.6) for the 

prevention of browning in apple juice. O-methyl transferase, an enzyme capable of methylating 

the 3-position of 3,4-dihydroxy aromatic compounds was observed to cause irreversible 

modification of phenolic substrates, thus preventing them from serving as substrates of the 

browning reaction. Treatment of apple juice with a-methyl transferase and s-adenosyl methionille 

resulted in conversion of chlorogenic and caffeic acids, to feruloylquinic and ferulic acids 

respectively, both of which are polyphenol oxidase inhibitors (Finkle and Nelson, 1963). 

c. Proteases 

The plant proteases ficin , papain and bromelain are sulphydryl enzymes of broad specificity 

(Labuza et aI, 1992; Taoukis et aI, 1990) which are veey effective browning inhibitors. Ficin was 

observed to be effective in preventing black spot formation in shrimp under refi'igerated 

conditions (Taoukis et ai, 1990). This inh ib itory effect is thought to be due to either binding or 

I 

hydrolysis at specific sites necessary for polyphenol oxidase activity. 

Pineapple juice was found to be effective in inhibiting browning in apple rings (Lozano-De-

Gonzalez et ai, 1993). " Bromeiain, organic acids, sulphydryl compounds and certain metallic 

constituents of pineapple juice are thought to be responsible for this inhibitory effect. Polyphenol 
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oxidase activity in plum juice was sign} licantly reduceJ when the juice was passed through a 

column containing immobilized proteases (Arnold et aI, 1992). 

Commercial application of enzyme treatments in the control of enzymatic browning is precluded 

by their high cost. Combinations of anti-browning agents of a chemical nature are however more 

affordable and effective in commercial usc. 

2.7.7.2 Edible Coatings 

The use of edible coatings' to minimize undesirable changes due to minimal processing has been 

reported for several commodities (Baldwin et ai., 1995). The coating of fruits and vegetables with 

semi-permeable films has been shown to retard ripening through modification of endogenolls 

CO2, O2 and ethylene levels. Coatings are also useful as carriers of antioxidants and preservatives 

(Cuppett, 1994). Edible coatings have the potential to retard water loss, to form a barrier to 

oxygen, and to retain antioxidants, as wei! as preservatives, on the surface of cut tissue in order to 

control discolouration. A polysaccharide/lipid bilayer formulation was observed to reduce 

respiration in cut apples (Wong et ai, 1994) through modification of the gas exchange between 

the processed tissue and the external environment. Sucrose fatty acid esters reduced browning of 

shredded cabbage (Sakane et ai, 1990) which was attributed to reduction of oxygen at the cut 

surface. Zhang and Quantick, (1997) determined that an edible coatirg based on sucrose esters of 

fatty acids significantly delayed pericarp browning of \ychee fruit. Carboxymethyl cellulose/soy 

protein coating formulat.ions containing 0.5 percent ascorbic acid applied to freshly cut apples 

were more effective in antibrowning activity than aqueous solutions of 0.5 percent ascorbic acid 
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alone (Baldwin et 01, 1996). The cellulose.rnatrix may weB have a protective effect in preventing 

the degradation of ascorbic acid by oxygen. 

2.8 MOLECULAR BIOLOGY OF PHENOXIDASES 

Polyphenol oxidases occur)n the chloroplasts of almost all higher plants. Cloning of the genes 

which code for polyphenol oxidase offers the potentials for determining the physiological role of 

polyphenoi oxidase within the chloroplast and for manipulating polyphenol oxidase levels within 

specific organs. Polyphenol oxidase genes are encoded within the nucleus and undergo 

translation within the cytoplasm. Once formed, propolyphenol oxidase is transported to the 

chloroplast where it undergoes proteolytic cleavage, to produce the active polyphenol oxidase 

form (Vaughn e{ 01. , 1988). Predicted molecular weights for polypheno! oxidase in plants, range 

between 57 and 62 kDa (H' nt et 01, 1993; Newmanet ai, 1993). 

Polyphenol oxidase is generally present in low concentrations in all organisms. The enzyme is 

difficult to obtain in a pure form due to pigment contamination and. the occurrence of multiple 

forllls. With the advent of recombinant DNA technology, numerous amino acid sequences of 

polyphenol oxidases have become available. Primary structures of polyphenol oxidases from 

Streptomyces glaucescens (Huber et 01., 1985), Streptomyces antibioticus (Beman et 01., 1985) 

and Neurospora crassa (Lerch, 1982), tomato (Shahar et 01., 1992; Newman el 01., 1993), broad 

bean (Cary et 01. , 1992) potato (Hunt et 01. , 1993), mice (Shibahara et at., 1986) and humans 

(K won et 01., 1987; Giebel et 01., 1991) have been determined using cDNA sequencing 

techniques. Polyphenol oxidases of ciosely related plants, such as tomato and potato, show 
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approximately 91 percent exact homol~gy, while ~hl)se of tomato and fava bean show only 40 

percent exact homology (Wong, 1995). 

Polyphenol oxidases from different sources exhibit molecular weight differences. Molecular 

weights predicted for mature polyphenol ox.idases on the basis of cDNA sequences were 58 kDa 

for mouse, - 63 kDa for human and 128 kDa for mushroom. Mushroom polyphenol oxidase is 

thought to contain four subunits having a total molecular weight of 128 kDa. Monomeric through 

octameric forms of mushroom polyphenol oxidases are known to exist (Whitaker and Lee, 1995). 

Plant polyphenol oxidases are nuc}ear-encoded copper metalloproteins having a molecular mass 

of approximately 59kDa and are localized in the membranes of plastids. Plant genes encoding 

polyphenol oxidase have recently been cloned and characterised. Although the sequences of plant 

polyphenol oxidase genes are very similar, only the putative copper binding sites are conserved 

when plant genes are compared to mammalian, bacterial, or fungal tyrosinases. One possible 

approach to lowering polyphel.ol oxidase activity and resu ltant enzymatic browning reactions is 

to characterize and inactivate the genes which code for polyphenol oxidase. Inactivation tan be 

accomplished by generating antisense RNAs specific for polyphenol oxidase. 

2.8.1 New approaches for the control of PPO 

The involvement of polyphenol oxidase in browning has been studied for a long time. Many 

questions still remain about the enzyme itself, as well as the mechanism of browning. Current 

approaches to understanding and controlling enzymatic browning are however specifically 

focused on the use of antisense RNA. Antisense RNA techniques have several applications in 

plant research. They are applicable in studying the ;n vivo function of particular genes and their 
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biochemical modes of action. Antisense genes have been successfully used for the alteration of 

plant processes, such as flower pigmentation, fruit ripen ing and photosynthesis, and to determine 

the function of cryptic genes. They may also be put to practical use in crop improvement. 

Antisense RNAs were recently observed to selectively block the gene expression of other plant 

enzymes such as polygalacturonase and peroxidase in tomatoes. 

2.8.2 Antisense RNA approach 

Olle of the most successful methods deve loped in recent years for the inhibition of gene 

expression in plants has been the expression of introduced antisense genes. Antisense technology 

is based 011 blocking information flow from DNA via RNA to protein by the introduction of an 

RNA strand complementary to the sequence of the target mRNA. It is generally assumed that the 

antisense RNA basepairs to its target mRNA thereby forming double-stranded RNA , Duplex 

formation may impair mRNA maturation and/or translation or alternatively may lead to rapid 

mRNA degradation (Martinez and Whitaker, 1995). 

Technically, it involves the insertion of a gefle or a significant part of it, into the cell in a reverse 

orientation, Messenger RNA encoded by this antisense gene undergoes hybridization with that 

ell coded by the endogenous gene, preciuding production of the protein product (Figure 1.15), 

Gene silencing or the elimination of expected phenotypic characteristics, through antisense 

techniques has received much attention in recent years. The expression of a transgene (i.e. a gene 

that has been introduced into plant cells through molecular biology techniques) or an endogenous 

gene appears to be affected by the presence of a homologous transgene. Antisense-mediated 

control has been observed in bacteria, fungi, plants and mammalian systems. The biological 

function of naturally occurring anti ense RNAs, if any, remains to be determined. 
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Complementary mRNA levels can be red ~H; t:d in th{~ presence of antisense genes (Martinez and 

Whitaker, 1995). 

Native gene 

[EJ-ATCGTGA
-TAGCACT-

Transcription + 
-UAGCACU- mRNA 

Translati:- + 
Protein 

UAGCACU ' 
AUCGUGA 

~ 
No translation 

Insert backwards gene 

!EJ- TCACGAT
--AGTGCTA--
-AGUGCUA-mRNA 

-. F!ipover 

---AUCGUGA--mRNA 

mRNA-s are complementary 

Figure 1.15: Simplified schematic showing how antisense RNA can be used to control gene 
expression at the translational level (P represents the promoter). (Martinez 
and Whitaker, 1995). 

Polyphenol oxidase genes have been characterized in broad bean, tomato, potato, and grape. 

Seven genomic polyphenol oxidase genes were identified in tomato (Newman et al., 1993). 

Characterization of polyphenol oxidase genes in various plant species has shown that these genes 

are present in the plant genome as gene families. Such transcriptional regulation offers potential 

for the design of antisense constructs. Antisense constructs would be required for maintenance of 

the enzyme if polyphenol oxidase is required for chloroplast metabolism or for resistance to 

pathogens or predation. 
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In addition to improving a fundamental l(J)owledge of biological processes, the antisense 

approach has been applied, to increasing the shelf life of fruit (Fray and Grierson, 1993). 

Commercial applications of antisense technology now include alterations of flower colour, virus 

resistance and fruit ripening. The application of antisense technology also extends to improving 

food quality. 

Bachem et al., (1994) determined that the e}~pression of polyphenol oxidase in potatoes was 

decreased through the use of vectors carrying antisense polyphenol oxidase cDNAs. 

Approximately 70 percent of the transformed plants had lower polyphenol oxidase activity than 

controls, and on visual scoring, a significantly low level of discolouration. Insertion of 

polyphenol oxidase in the sense orientation resulted in very high polyphenol oxidase activity in 

the lines expressing the construct. 

Breeders have been working to decrease polyphenol oxidase levels 111 apples, bananas, 

mushrooms, peaches and other plants for many years. Lack of bruising sensitivity in transgenic 

potatoes, and the absence of any apparent detrimental side effects, opens up the possibility for 

preventing enzymatic browning in a wide variety of food crops, without resorting to chemica! and 

physical treatments. Quite possibly, browning-resistant varieties may be developed in the future 

through the insertion of antisense genes that prevent the production of polyphenol oxidase. 
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CHAPTER THREE 

3.0 MATERIALS AND l\IETHODS 

3.1 COLLECTION OF SAMPLES 

Yam tubers (D. rotundata) were boug ht from the open Market in Minna. 

3.2 REAGENTS 

Ascorbic acid (O.02M) (analar, BDH Chemicals Ltd. Poole England), 0.02M L-cystine (Searle 

Company, Charwell Heath Essex England), 0.02M sodium metabisulphite (GPR, May & Baker 

Nigeria Ltd.), 0.05M potassium phosphate buffer (analar, BDH Chemicals Ltd. Poole England), 

ethanol (absolute) (analar, sigma-Aldrich laboratories Germany), folin-ciocalteau reagent, egg 

albumen (GPR, BDH Poole England), O.IM sodium hydroxide (GPR, May & Baker Nigeria 

Ltd.), 2% sodium carbonate (GPR, May & Baker Nigeria Ltd.), 0.5% cupper sulphate (GPR, May 

& Baker Nigeria Ltd.), 1% sodium potassium tartarate solution (GPR, May & Baker Nigeria 

Ltd.), 0.02M catechol 

3.3 YAM FLOUR PROCESSING 

The yam tubers were sliced to a thickness of about 10 mm. The slices were then steeprd in water 

or inhibitors for 12 hours at 30°C, 40°C and 50°C. The steeped slices were dried uder the sun. 

The dried slices were then ground to flour in a blender (Crown star MC-Y44B, Trident (H.K) 

Limited China). 
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Slice yam tubers 

S le~p in wl.er/inhibitor 
I 

+-
S~fdry 

Grind to flour 

YAM~LOUR 
Figure 3.1: Processing of yam flour (elubo) 

3.4 CRUDE ENZYME EXTRACTION 

Yam samples (250g) were steeped in water for 12 hours. The samples (lg) were thereafter 

homogenized in 5ml of O.05M phosphate buffer (pH 6.5) and centrifuged at 20,000xg for 15mins 

0 11 a centrifuge (Gal\enkamp England) to obtain crude PPO enzyme. For PPO inhibition studies, 

the steps above were repeated with the inclusion of O.02M of the different inhibitors (ascorbic 

acid, L-cystine and soo; ,;m metabisulphite) into theste~ping so,Iution. 

3.5 ASSAY OF PPO ACTIVITY 

The assay procedure used was based on the method of Lee and Smith, (1979) but with sl ight 

modification. PPO activity was determined by measuring the increase in absorbance at 420nm 

using a spectrophotometer (Jenway 6310). The reaction mixture contained 0.2ml of the crude 

enzyme solution and 2.8ml of 0.02M substrate solution in 0.05M phosphate buffer (pH 6.5) at 

room temperature. The control sample contained only 3.0ml of substrate solution . One unit of 

PPO activity was defined as the amount of enzyme that caused an increase in absorbance of 0.00 I 

per minute. 
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Calcu la tion 

Units/mg = ,1.A4201min x 1000 
mg protein 

where, ,1.A = change in absorbance, 

1000 = conversion factor 

, 
3.6 ENZYME KINETICS 

The tested concentrations of substrate (catechol) and anti-browning agents were 0.010, O.OIS, 

0.020, 0.02S, and 0.030M. Two different conditions; with and without pre-incubation' of enzyme 

in inhibitor solution for 10 minutes at room temperature were studied. The experiments were 

determined in 3 replicates at each concentration of each anti-browning agent. 

3.7 DETERMINATION OF BROWNING INDEX 

Ethanol (5ml) was added to O.Sg yam flour samples and then stoppered. The contents were mixed 

on a mixer for 2 minutes. The mixture was allowed to stand for 10 minutes and then centrifuged 

at 1000 rpm for 10 minutes on a centrifuge (Gallenkamp England) and read in spectrophotometer 

(Jenway 6310) at 420nm using ethanol as blank according to the method of Lee et ai, (1990). 

3.8 PROTEIN ESTIMATION 

The protein concentration was determined by the method of Lowry, using egg albumin as the 

standard (Lowry et ai, 19S1). Aliquots of protein solutions were pipetted out and the total volume 

made up to 4ml with distilled water. To each tube, S.Sml of alkaline mix was added and allowed 
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to stand at room temperature for 1O:- l5mins. Polin reagent (O.5ml) was pipette into each tube, 

mixing ral idly after each addition. TIl(: tubes were left: for 30mins and the blue colour formed 

was measured on a spectrophotometer (.Jenway 6310) at 650nm. Blank without the protein was 

used and a standard graph was plotted. 

3.9 SOLUBILITY 

Yam flour sample (l.Og) was measured and transferred into a clean dried test tube and weighed 

(WI). It was then dispersed in 50ml of distil!ed water using blender (Crown star MC-Y44B, 

Trident (H.K) Limited China). The resultant slurry was heated at 60°C, 70°C, 80°C and 90°C for 

30 millutes in a regulated water bath (Griffin Britain). The mixture was cooled to room 

tempemture and centrifuged at 500 rpm for 15 minutes on a centrifuge (Gallenkamp England). 

The supernatant (5ml) was withdrawn and dried to a constant weight at 110°C in an oven 

(Gallenkamp size 2, England). The re ~j idue was then represented as the amount of sample 

solubilized in water. (Leach et aI, (1995); Akingbala aild Rooney, 1987). 

Calculation 

Solubility =~ 
IOOg of sample on dry basis. 

(Leach et ai, (1995); Akingba\a and Rooney, 1987). 

3.10 HYDRATION CAPACITY 

The method of Kornblum and Stoopak, (1973) was used to determine the hydration capacity. 

Yam flour sample (l.Og) was placed in ach of four 15ml plastic centrifuge tubes to which IOml 
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of distilled water was added and then stoppered. The contents were mixed on a mixer for 2 

minutes. The mixture was allowed to gtand for 10 millutes and then centrifuged at 1000 rpm for 

10 minutes on a centrifuge (Gallenkamp England). The supernatant was carefully decanted, the 

stopper replaced and the sediment weighed. The hydration capacity (Hc) was taken as the ratio of 

sediment weight to the dry sample weight. 

3.11 SWELLING CAPACITY 

This was measured at the same time as the hydration capacity and calculated as follows: 

Where S is the % swelling capacity, V2 is the volume of the hydrated or swollen material and VI 

is the tapped volume of the material prio ' to hydration. (Komblum and Stoopak, 1973) 

3.12 MOISTURE CONTENT 

Yam flour sample (5g) was dried at llOoe in an oven (Gallenkamp size 2, England) to a constant 

weight. The % loss in weight was calculated as the moisture content. (AOAC, 1997) 

Calculation: 

% Moisture = (wt. of pan + fresh sample) - (wt. of pan + dry sample) x 100 
- Wt. of sample 

3.13 DETERMINATION OF ENERGY VALUE 

Yam flour sample (l.Og) was weighed into a ballistic bomb metal iron crucible, pressed gently 

with a spatula to form a smooth level layer suitable for combustion. One end of 'a single strand 
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1. 
cotton thread was tied to the platinum .firing wire with sample. The bomb closure ring was filled 

with oxygen from the steel gas cylinder to the required pressure (l5atm). The firing ring was then 

pressed and the maximum deflection was read on the galvanometer scale (XR Y - I B Oxygen 

Bomb Calorimeter) (AOAC, 1997). 

Calculation: 

CB - QS 

Cs-Qs 

Where Cs = calorific value of standard sample (27.63kg/g) 

Cs = calorific value oftest sample 

Qs = peak galvanometer deflection of 1.0g of standard sample (J 2.50) 

Qs = peak galvanometer qefiection of the test sample 

Cs = Cs - Qs = Kj/g 
Qs 

3.14 OGANOLEPTIC SCORE OF YAM FLOUR MEALS (AMALA) 

Sensory evaluation was carried out on the yam flour meal (amala) samples as described by 

Larmond, (1977). A IO-member taste panel made up of graduate students and lecturers in the 

Department of Biochemistry and Chemistry, Federal University of Technology Minna, were 

trained to conduct the sensory analysis. A prelimit;1ary test which served as training class for 

members of the panel was conducted a day before the main evaluation. The purpose was to 

familiarize members '.'/i h both hedonic and descriptor scales. To keep the interest and morale of 
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the panelist ~ for the main evaluatiQu, they were ~erved amala with abula soup after the 

preliminary test to show appreciation for their service as well as a warm invitation for the main 

evaluation. Every member was provided with questionnaire for both objective and subjective 

sensory evaluation. The objective questionnaire enabled each panelist to describe the products 

while the subjective questionnaire requested them to give information on the degree of like or 

dislike of the samples. Quality characteristics including appearance, aroma, taste and the overall 

acceptability of the samples were evaluated based on a seven point hedonic scale (where; I = like 

extremely, 2 = like very much, 3 = like slightly, 4 = neither like nor dislike, 5 = dislike slightly, 6 

= dislike very much, 7 = dislike extremely. 

3.15 STATISTICAL ANALYSIS 

All experiments were done ill triplicate except for organoleptic score which was an average oftt'll 

tests. Means, standard deviations, cOl'celation coeff cients, regression and analysis of variance 

(ANOVA) on data were performed using SPSS computer software version 15.0. Means were 

compared using Duncan method at a probability level of 0.05 (Duncan, 1955). Relationships 

among measurement variables were s'udied using standard correlation, r2 being the correlation 

factor. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Polyphenol oxidase (PPO) activity 

Polyphenol Oxidase (PPO) activity pattern in yam flour (elubo) processed with or without inhibitors 

(ascorbic acid, L-cystein and sodium metabisulphite) are shown in Table 4.1 - 4.3. Ascorbic acid 

increased PPO activity significantly (p < 0.05) up to 2 hours of steeping and thereafter dropped while 

cystein and sodium metabisulphite significantly reduced (p < 0.05) PPO activity compared to the control 

samples. 

4.2 Browning index 

Table 4.1- 4.3 presents the browning index of processed yam flour (elubo) with or without inhibitors . The 

study revealed that browning is temperature-dependent in all the yam samples. Sodium metabisulphite 

completely inhibited browning in the processed yam flour while cystein had partial inhibition and ascorbic 

acid on the other hand, increased browning compared to the control samples. 
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Table 4.1: Pulyphenol oxidase (PPO) Activity and Browning index of yam tissue steeped in different 
PPO inhibitors 

Activi.ty 
Inhibitor (Units/mg protein) 

Control 11,618.85± 15576.22<\ 

b 
Yams + Ascorbic acid 10,912.38± 16672.51 

c 
Yams + Cysteine 2,360.20± 1415.91 

Browning index 
(units/g) 

36.4 7± 7.87
a 

a 
36.67+ 7.84 

b 
26.47±2.59 

d c 
Yams + Na-metabisulphite 1 , 069 . ~7+ 652 .37 23.07+ 2.66 
Within column, values with different letters (superscripts) are statistically different at P< 0.05. 

Each data is mean ± SD of three replicates 
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Table 4.2: fnfluence of steeping time on PPO activity and Browning in yam flour processing 

Activity Browning index 
Time (hrs) (Units/mg protein) (units/g) 
---

~.OO 13,478.68± 2084.47 a ~4.42+ 10.19 a 

4 .00 5,0 11.07± W625 .80d 30.58+ 5.94b 

6.00 5,653.95± 8559.85c 29.92+ 5.73 b 

8.00 6,235.13± 8945 .98 t 31.33+ 10.63 b 

12.00 2.072.43+ 1418.22e 27.08+ 6.72c 
Within co lumn, values with different letters (superscripts) are statistically different at P<0.05. 

Each data is mean + SD of three replicates 
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Table 4.3: Influence of steeping temper'ature on PPO activity and Browning in yam flour processing 

Temperature CC) 

30 

40 

50 

Activitj' 
(Units/mg protein) 

13,460.93± 19344.01 a 

3:S04.45± 2330.01 b 

2,205.38± 2325.23 c 

Browning index 
(units/g) 

32.25+ 10.09a 

30.45+ 7.60b 

29.30+ 6.99b 

Vlithin colu~11n, values with different letters (superscripts) are statistic?-liy different at P<0.05. 

Each data is mean ± SD of three replicates 
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4.3 Correlation of PPO ac.tivi!)! with browning 

The correlation of pf'C) activity with browning !nd c .~ j~ pr,~sented in Table 4.4. The result showed that 

PPO activity and browning index were highl) nlOderateiy (53.2%) correlated. 

4.4 Regression 

Table 4.5 - 4.6 shows the regression of PPO activity and Browning of yam flour (elubo) processed with or 

without inhibitors. The regression equations are: 

Activity = 34624.327 - 562.78Temp - 878.59Time. 

Browning index = 40.35 -O.lSTemp - 0.59Time. 

;-OO/pp[.=c 
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Table 4.4 : Correlations of PPO activity with browning in yam after steeping with different inhibitors 

Activity Browning Index Time Temperature 
0 

( ur~~ts/mg protein) (units/g) (hrs) ( C) 

Pea~'son Correlation .532* * -.246** -.374** 
Sig. (2-tailed) .000 .001 .000 

Activity N 18 180 180 180 

Pearson Correlation 5'11* * i -.244* :;.: -.144 • ...J.!,; .I. 

Browning Sig. (2-tailed) .000 .00 1 .054 
Index N 180 180 180 180 

Pearson Correlation - . 246 *~: -.244** 1 0.000 
Sig. (2-tailed) .001 .001 1.000 

Time (hrs) N 180 - 180 180 180 

Pearson Correlation -.374** -.144 0.000 1 
Temperature Sig. (2-tailed) .000 .054 1.000 

0 

( C) N 180 180 180 180 
** . Correlation is significant at the 0.0 l levell2-tailed). 
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Table 4.5: Regression Coefticients" of PPO activity 

Unstandardized . Standardized 
Coefficients Coefficients 

Model _ --------J t Sig. 
B I Std. Enor Beta 

(Constant) I 34624.327 I 4404.807 7.861 .000 
Temp . -562.777 I 101. 125 -.3 7"+ -5.5 65 .000 
Time: J -8 78 .590 i ~()9 . 959 -.246 -i.<161 .OOO ! 

; I 
- I --' 

a. Dependent Variable: Activity 

Activity = 34624.327 -- 562.78Temp -- 878.59Time. 
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Table 4.6: Regression Coefficients :! of Browning index 

I Model I Unstandardized Standardized " 

I 
I Coefficients Coefficients I 

I S· I 
L___ t Ig. I 

i ! B Srd. En-or Beta i' 

I----(Con~t~~-t) ---40.350---1- 3.2 13 ------ 12.559 1- 00.01 
Temp -. 148 I .074 -.14-+ -2.000 I .047 
Time -.5~ .175 -.244 -3 .378 .001 

a. Dependenr Variable: Browning Index 

Browning index = 40.35 - 0.15Temp - 0.59Time. 
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4.5 Polyphenol oxidase (PPO) ~in r~tics 

The kinetics of inhibition is presented in Figure 4.1. The mechanism of ilJhibition is 

uncompetitive alld even though their mechanisms are the same, only sodium metabisulphite 

completely inhibited browning. 

4.6 Physicochemical properties 

The physicochemical properties of the processed yam flour 'samples are presented in Table 4.7 -

4.8. The result indicated that there is no significant difference (p> 0.05) in the moisture content, 

hydration capacity, swelling capacity, and solubility of the yam tissues with or without inhibitors. 

However, a signifi'.)ant increase (P < 0.05) in the energy of yam tissue steeped with sodiulll 

metabisulphite was observed. 
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Fig 4.1: Inhibition kinetics of PPO enzyme in yam tissues 
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Table 4.7: Physicochemical properties of yam steeped in different PPO inhibitors 

Inhibitor 

Control 

Yams + Ascorbic 
acid 

Yams + Cysteine 

Yams + Na-

Moistun~ Hyd ration 
Content (%) capacity (gig) 

a a 
6.75 + 0.25 1. 79 + 0.26 

:l a 
6.75 + 1.25 1.57 + 0.30 

a a 
6.5 + 0.00 ? .00 + 0.30 

Swelling 
capacity(% ) 

82.60 + 5AO 

75.35 + 1.85 

a 

a 

a 
78.6 + lAO 

a a a 

Energy value 
(kj/g) 

b 
27.933 + 2.00 

<.; 

17.605 -+- 3.00 

d 
15.383 + ,1.00 

a 
29.058 + 1.00 metabisulphite 6.25 + 0.25 i .76 + 0.07 77.75 + 4.25 

------~=-----------~~----

Values in a column with same letter are not significantly different (P > 0.05) 

Each data is mean ± SD of three replicates 
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This implied that the addition of inhibitors did not change the physicochemical properties of yani 

flour except that calorific energy was increased upon pro~essing with sodium metabisulphite. 

5.7 Organoleptic score of amala 

A description by Hutchings (2003) regarding expectations of people toward food is summarized 

as .follows: "Food evaluation always starts with visual inspections. We consciously or 

unconsciously examine food in the first place by appearance including color, visual structure, and 

surface texture. Temporal factors such as climate, pi ace, and physical condition can affect the 

evaluation as well as individual backgrowld. In the next step, we identify safety of the food 

followed by assessment of flavor and texture. The final step of food evaluation before eating is to 

guess pleasant and satisfaction brought to us by eating the food." 

DuBose el (II (1980) reported that colour is a ery important sensory nttri billc () r most foods si nce 

it influences the consumers' · first judgement and provides 'sensory information, which Illay 

interact with the gustatory olfactory and textural cues to determine the overall acceptability. 

Francis (1980) also remarked that when the colour is unappealing, consumers are unlikely to be 

able to judge the flavour or texture as favourable. 

]n the present study, there was no significant difference (p > 0.05) in taste, texture and flavour 

between amala made from yam samples processed with inhibitors and the control. However, 

significant differences (p < 0.05) in colour existed between amala made from yam samples 

processed with inhibitors and the control. Statistical analysis showed that the ,colour scores for 

the 'control and amala made from yam samples processed with ascorbic acid, cystein were not 

significantly different from one another. In the same vain, amala made from yams samples 
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4.7 Organoleptic Score of ama!~ 

The organoleptic score of yam flollr meal (amala) produced from test samples are presented in . 

Table 4.9. The result revealed that there is no significant difference (p> 0.05) in the flavour, taste 

and texture of amala produced from yams samples processed with or without inhibitors. 

However, significant differences (P < 0.05) in colour exist among all the amala samples. That is, 

amala made from yam samples processed with 'sodium metabisulphite was white throughout 

steeping temperatures and time compared to the control samples. Those made from yam samples 
, 

processed with cystein was fairly whiter than the control, while amala made from yam samples 

processed with ascorbic acid gave a golden brown colour compared to the control (even darker 

than the coptrol). Generally, amala produced from yam steeped with sodium metabisulphite was 

the most acceptable of all the amala samples. 
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Table 4.9: Organoleptic evaluation of yam flo ur meal (amala) steeped in different PPO inhibitors 

Ovei'all 
SamE!es Taste Colour Texture Flavour acceptability 

a a a a ab 

Control 2.8 + 1.03 2.8 + 1.03 2.9 + 0.88 3.3 + 0.48 2.3 +1.16 

Yams + Ascorbic 
:J a a a a 

acid 3.7+ 1.42 3.4+2.01 3.0 + 1.05 3.6 + 0.70 2. 9 + l.85 

a a.b a .1 a 
Yams + Cysteine 3.2 + 1.14 L.G + 0.52 2.9 ± 0.99 3.7 + 0.68 2.9 + 0.99 

Yams + Na- b b . a a _ a 

metabisulphite 2.9 -+- 0.88 1.67-0.70 2.9 + 0.88 3.5 + 0.53 1.5 + 0.71 
Within column, values with different letters (superscripts) are statistically different at P< 0.05. 

Each data is mean ± SD of three replicates 
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CHAPlER FIVE 

DISCUSSION, CONCLUSION AND RECOMMENDATION 

5.0 DISCUSSION 

5.1 Polyphenol oxidase (PPO) activity 

Browning is one of the most important colour reactions that affects fruits, vegetables and sea 

foods and has been found to be as a result of the presence of the enzyme, polyphenol oxidase 

(PPO). It is a surface phenomenon requiring molecular oxygen and specific phenolic substrates 

«Macheix et al., 1991; Nicolas et al., 1994, Palmer, 1963; Sheen and Calvert 1969). The 

existence of physical browning process in plant tissue is well documented (Wolfrom et al 1974) 

most of which have been shown to be enzymatic. 

VariOllS techniques and mechanisms have been developed over the years for the control of these 

undesirable enzyme activities. These techniques attempt to eliminate one or more of the essential 

components (oxygen, enzyme, copper, or substrate) from the reaction. Sulfhydryl compounds 

such as L-cysteine and sodium metabisulphite have been investigated as inhibitors of enzymic 

browning. The formation of quinone-sulphite complexes prevents the quinone polymerization 

(Embs and Markakis, 1985). A further action of sulfhydryl compounds on PPO may directly 

inhibit the enzyme by combining irreversibly with copper at the active site of the enzyme 

(Valeroet et ai, 1991) thus, inhibiting the enzyme. 

Results in this study showed that, there were significant differences (p < 0.05) in PPO activities 

in yam samples processed with different inhibitors compared with the control irrespective of 

temperature and time. Statistical analysis revealed that PPO activity of the control is significantly 

higher than those of yam samples processed with inhibitors. This implies that the inhibitor study 
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were able to inhibit PPO activitie? in the yam tissues. Among yam samples processed with 

inhibitors, those processed with ascorbic acid had significantly higher PPO activity than those 

processed with cystein and sodium metabisulphite. The sample processed with L-cystein also had 

significantly higher PPO activity than those processed with sodium metabisulphite (Ascorbic acid 

> L-Cystein > sodium metabisulphite). This implies that sodium metabisulphite (0.02M) 

effectively inhibited PPO activity while L-Cystein and ascorbic acid at the same concentration 

partially inhibited its activity. 

The result also showed that inhibition of PPO increased with time with highest inhibition 

rendered at l2hrs. It also showed that inhibition of PPO increased with rise in temperature with 

highest inhibition rendered at 50°C ancl optimum activity at. 30De. 

Omidiji and Okpuzor, (1996) also observed that inhibitioq of PPO activity in yarn tissues were 

maximal at 12hrs of incubation. They also reported that yam processing techniques at ambient 

temperature in the presence of PPO inhibitors should be completed within l2hrs before the onset 

of non-enzyme related browning. 

This value (30°C) is similar to the optimum temperature of the PPO of Dioscorea opposita Tillmb 

(Shuji et ai, 2006) and another species of yam tuber (Ikediobi and Obasuyi, 1982; Omidiji and 

Okpuzor, J 996). This implies that rise in temperature denatured PPO enzyme. 
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5.2 Browning index 

The browning index indicates the plOportion of oxidized phenols (Jeong et ai, 2008). In the 

present study there were significant differences (p < 0.05) in browning index of yam flour (elubo) 

made from yam samples processed with inhibitors compared with the control irrespective of 

temperature and time. Statistical anaiysis revealed that browning index of elubo made from yam 

samples processed with ascorbic acid and those of the control were not significantly different (p 

> 0.05) but were significantly higher 'ihan those of elubo made from yam samples processed with 
. 

cystein and sodium metabisulphite. The browning index of elubo made from yam samples 

processed with cystein was significantly higher than that processed with sodium metabisulphite 

which had the lowest browning index. This implies that that sodium metabisulphite appeDI'S to be 

a potent inhibitor for preventing browning in yam flour processing, followed by L-cysteine. 

Shuji et ai, (2006) reported a complete inhibition of browning in edible yam (D. opposite Thumb) 

in the presence of L-cystein and ascorbic acid as against partial inhibition observed in this study 

upon steeping with L-cystein and ascorbic acid. Complete inhibition of browning by L-cystein 

and ascorbic acid have also been observed for PPOs of another species of yam (Ikediobi and 

Obasuyi, 1982,), Japanese pear (Tono et al 1986), head lettuce (Fujita et at., 1991), and cabbage 

(Fujita et al., 1995). The reason for this conflicting result may be as a result of low concentration 

of L-cystein and ascorbic acid being employed in the study . 
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This study also showed that the bro'~vn ing reaction of the enzyme was completely inhibited at 

O.02M concentration of sodium met~b isulphite. The reaction was also partially inhibited by 

0.02M L-cysteine, which is a known quinone coupler (Shuji et ai, 2006). However; physical 
, 

observation showed that O.02M ascorbic acid did not inhibit browning in the processed yam flour 

rather; it increased browning compared to the control. The study therefore, showed that ascorbic 

acid is undesirable in reducing tissue browning in processed yam flour (elubo) even though it is a 

PPO inhibitor in other tissues e.g. apples, quince, loquat, etc. Ascorbic acid is an antioxidant 

which is more readily oxidised than phenols and thus tends to form deep brown colour even 

before the phenols are used as substrates (Vamos-Vigyazo, 1981). The enhancement of browning 

throughout incubation in the presence of micromolar quantity of ascorbic acid therefore suggests 

an involvement of an in vivo oxidisab e phenolic pool in the browning process (Omidiji and 

Okpuzor, 1996). 

Similar effects of ascorbic acid have also been observed with yam tissues by Omidiji and 

Okpuzor, (1996). Their studies showed that ascorbic acid did not prevent browning 111 yam 

tissues while sodium metabisulphite completely prevented browning in yam tissues. 

Among compounds that inhibit PPO activity, Sodium and potassium metab isulphite and sulfur 

dioxide (S02) are amongst the most effective and have been used in food industries for many 

years. However, restrictions of sulfite usage in foods associated with consumer concern about its 

safety generate the need for substitut !; (Rocha and De Morais, 200S). Therefore, alternative 

chemicals without to~. ic effects are needed, such as su lfhydryl (SH or thiol), ascorbic acid, and 

citric acid. These compounds have polential to be used commercially, as substitute to sulfite as 

anti-browning agent, to prevent enzymatic browning in processed fruit products. 
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The result in this study also showed ~hat inhibition I)f browning increased with time with highest 

inhibition rendered at 12hrs. The inhibition of browning increased with rise in temperature with 

highest inhibition rendered at 40°C and 50°C. Omidiji and Okpuzor, (1996) also observed that 

browing in D. rotundata, D. escuienta, D. aiata and D. cayenensis, were maximal at 30°C which 

later declined with rise in temperature. 

5.3 Correlation of PPO activity and Browning index 

Polyphenol oxidase (PPO) activity and browning index were significantly, positively and 

moderately (53.2%) correlated. This implies that as PPO activity increases, the browning index of 

the yam flour (elubo) increases significantly and vice versa. PPO activity & steeping time, and; 

Browning index & steeping time were significantly, negatively and weakly correlated . This 

implies that as the steeping time increases, there will be significantly relative decrease in activity 

and browning index. PPO activity & steeping temperature and; Browning index & steeping 

temperature were also significantly, negatively and weakly correlated. This also implies that as 

the steeping temperature increases, there will be significantly relative decrease in activity and 

browning index. Jeong et ai, (2008) also observed positive correlations between PPO activity and 

browning index for all their treatments with ascorbic acid and L-cystein. 
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5.4 Regression 

From linear regression model; the equation for the relationship between activity, time and 

temperature and between browning index, time and temperature in this study were established as: 

Activity = 34624.327 - 562.78Temp _ .. 878.59Time. 

Browning index = 40.35 - 0.15Temp _. O.59Timc. 

R2 = 0.200 for activity and 0.080 for browning index. 

Thus, if the temperature and time are known, the activity and browning index can be c.alculated 

for a particular flour using this model. This model c?n also be used for a scale up operation. 

5.5 Polyphenol oxidase (PPO) Kinetics 

The mechanism of inhibition is uncompetitive. All the samples had different V max and Km values. 

The Michaelis constant (Km) for the different inhibitors (Ascorbic acid, cystein, sodium 

metabisulphite) and control are 0.00478M, 0.27384M, 0.00366M and 0.12387M respectively 

Even though their me~hanisms are the same, only sodium metabisulphite completely inhibited 

browning. 
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5.6 Physicochemical characteri~tic§ 

Quantifying physicochemical properties are important for food processing and quality, because 

they influence functional properties of flour (Moorthy, 1994; Gerard et al., 2001 ; You and 

Izidorczyk, 2002) which may in turn affect the textural quality of food products. 

In the present study, test samples were not signiticantly diflerent (P > 0.05) in terms 'of moisture 

content, hydration capacity, swelling capacity and solubility when compared to that of the control 

sample. The moisture content of a food sample reflects the amount of solid matter in the sample. 

The higher the moisture content, the higher the rate of spoilage. 

j 

The data in this study indicated that moisture content of the processed yam flour (elubo) ranged 

between 6.25 - 6.75%. Okaka and Okechukwu, (1993) also obtained values less than 10% and 

stated that :::;10% moisture content is needed for prolonged shelf life (up to 6 months) for well 

packaged dehydrated yam products. This suggests that the processed elubo samples may be 

stored for a favourably long period of time without fear of spoilage. 

High swelling powers were also' bserved for all the test samples. This is consistent with the 
. 

work of Walter, (2002) who observed that D. rotundata had higher swelling power in comparison 

to other yam species. This high swelling power has been linked to low amylose content; due to 

low reinforcement of internal network by amylose molecules (Lorenz and Collins, 1990; 

Richardson et al, 2000; Hoover, 200 i). Riley et ai, (2006) also observed higher swelling power 

in yam varieties which had lower a;nylose content. According to Jane and Chen, (1992), 

amylopectin contributes to granule swelling while amylose and lipid contents inhibit it. Highly 
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associated starch granules with an extcn!i ive and strongly bonded micellar structure also exhibit 

resistance toward swelling (Leach et al., ) 959) therby exhibiting low swelling capacities. 

Carbohydrate supplies energy to cells :' llch as brain , muscles and blood. It contributes to fat 

met~bolisl1l and spare proteins as an energy source. It also acts as mild natural laxative for human 

beings and generally add to the bulk of the diet (Gordon, 2000; Gaman and Sherrington, 1996). 

The data in this study also showed that there were significant differences (p < 0.05) in calorific 

energy values between yam samples processed with inhibitors and the control. Statistical analysis . 
revealed that yam samples processed with sodium metabisulphite was significantly higher in 

calorific energy than other inhibitors and control. In the same vein , the control was significantly 

higher in calorific energy than samples processed with ascorbic acid which was also significantly 

higher in calorific energy than yam sanlples processed with cystein. The high calorific energy . 

values obtained may be attributed to the carbohydrate content (Alinnor. 20 10). J\ linnor. 20 I 0 also 

obtained high energy values for Colocasia esculenta and Dioscorea rotunda/a. 

Result in this study also showed that 1here was also no significant difference (P > 0.05) in 

solubility between yam samples processed with inhibitors and control but statistic~1 analysis 

revealed that irrespective of temperature, the solubility of the control was significantly higher 

than those of yam flour made from yam samples processed with inhibitors and the latter were not 

significantly different from one another. Statistical analysis aiso revealed that solubility 

irrespective of inhibitnr at 60°C, was significantly higher tbon at 70°C and nt 70
n
C significant ly 

higher than at 80 and 90°C. However, solubi1.ity at sooe and 900e were not significantly different 

from each other. Thus, solubility of elubo decrease with increases in temperature. 
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processed with cystein and sodium mctubi "ulpilite w~re not significantly different from each 

other. However, the colour scores of control and amala made from yam samples processed with 

ascorbic acid were signiticantly higher than those processed with sodium metabisulphite. 

Also, physical observation showed that browning was partially inhibited in the presence of L

cystein thus; arnala made from yam samples processed with L-cystein was slightly lighter than 

the control. It was completely inhibited in the presence of sodium metabisulphite hence; amala 

made from yam samples processed with sodium metabisulphite was completely white throughout 

steeping period compared to the control. However, browning was enhanced in the presence of 

ascorbic acid thus, yam samples processed with ascorbic acid produced arnala that was darker 

than that of the control throughou,t steeping period. 

The taste attribute of all the test samples were alike (slightly sweet) according to the panelist. 

This is not surprising because any trace of bitter principle in the tuber got lost in the water during 

steeping. The panelist also recorded similar flavor and texture for all the test samples. The test 

samples were very elastic in texture thus its acceptability by the panelist. 

The study also showed that there was significant d'fference (p < 0.05) in acceptabi lity between 

amala made from yam samples processed with inhibitors and the control. Statistical analysis 

revealed that the acceptability of the COl trol was not significantly different from amala made 

from yam samples processed with inhibitors but among the inhibitors, arnala made from yam 

samples processed with ascorbic acid m d those processed with cystein were not significantly 

different from each other but significantly higher in acceptability score than those processed with 
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sodium metabisulphite. According to .the seven point hedonic scale, he lower the value scored, 

the higher the acceptability. This therefore implies that amala made from yam samples processed 

with the inhibitors were accepted in the same m~nner as the control but amala made from yam 

samples processed with cystein and ascorbic acid were less preferred to amala made from yam 

processed with sodium metabisulphite which was the most pr.eferred. 

Generally speaking, the lower the values recorded for each sample, the higher the quality and its 

acceptability according to the seven point hedonic scale. Therefore, amala obtained from yarn 

samples processed with sodium metabisulphite was the hest and the most acceptable of all the 

am ala samples. 
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5.8 CONCLUSION 

Polyphenol oxidase (PPO) was effectively inhibited in processed yam flour (elubo) by sodium 

metabisulphite which also resulted in inhibition of brown and the production of white amala as 

shown by the white amala obtained after treatment with the inhibitor while, L-cysteine partially 

inhibited the enzyme. Ascorbic acid however, did not inhibit PPO in elubo. Also, PPO activity 

and browning index were significantly, positively and moderately (53.2%) correlated. 

The addition of inhibitors did not change the physicochemical properties of the processed elubo 

except that calorific energy was increased on steeping with sodium metabisulphite. 

Of all the yam flour samples, amala made from yam tissues steeped with sodium metabisulphite 

was the most accepted. 

5.9 RECOMMENDATION 

In spite of the effectiveness of sulphiting agents In the prevention of browning of foods, 

American laws and public health concerns surrounding the ingestion of the sulphiting agents 

restrict the use of sulphites in the food industry. Hence, it is advised that sodium metabisulphite 

be used with caution. It is also recommended that further ~tudies be carried out using alternatives 

to sulphites applicable in the food industry. 
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APPENDIX 1: Polyphenol oxidase (PPO) Activity and Browning index of yam 
tissue steeped in different PPO inhibitors 

General Linear Model 

Between-SubJects Factors 

Value Label N 
Temp 30.00 60 

40.00 60 
50.00 60 

Time 2.00 36 
4.00 I 36 
6.00 

I 
36 

8.00 36 
12.00 36 

Inhibitor 1.00 Control 

! 
45 

2.00 Ascorbic 
45 

acid 

3.00 Cystein 45 
4.00 Sodium 

I 
I metabisulphite 45 

-
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.. , Ollscriptivl) ~t.,Hntlcs 

----------.-----~-------.------.r_---_,.-----~----I 
Std. Deviation N _ -... _ _ ___ l;...;;· e;.:..;m~l;e~(.;;;.oC.;;;.)'___T.,;.;i:.;.;.m-;,;.e..,l.j:.:.:.h,~ •. - "Inhibitor ,~~M~ea;;;:n~_+";;;";';;';"';;'~~~+-_':"';"'~-I 

Activity 30.UO 2.00 Conlroi • ••• ~-.--- 00420.700 5.00000 3 

40.00 

Ascorbic a j r! 66241 .000 3.00000 3 
Cystein 4445.0000 3.00000 3 
Sodium !11cta!1isulphate 2312.8000 .00000 3 

_______ ...... !_ota_1 __ _ ... __ __ __ _ ,~_3~O:..=8..:::...54..:.:..8:...:7-=5-1---=..:..:::..:...=.;..:::..::...:...:.:....-I_----=_I 
4.00 Control 39462.700 

29296.90143 12 

Ascor bic acid 
Cystein 
Sodium mp. tabiaulphate 

2330.9000 
1120.3000 

542.1000 

3.00000 3 
4.00000 3 
2.00000 3 
1.00000 3 

_ _ _ . _ _ J_o_la_1 _ _________ I_...:1.::.0=86::...4:..:.. 0;:.;O:..:0~--.:...;...=.::..::.:::..::..:.-:...=._I------....: 17258.83779 1L 
6.00 

8.00 

Contro I 
Ascorb ie acid 

Cyste in 
Sodiu In l11etabislllphate 

10407.800 
32199.000 
1517.8000 
1301.0000 

Total = ___________ J .1356.400 

Control 
Ascorbic acid 
Cystein 

34801.000 

7010.8000 

5529 .1000 

2023.7000 

4.35890 3 
5.00000 3 
3.00000 3 
1.00000 3 

13141.42968 12 

.17321 3 
5.06000 3 
2.00000 3 
1.00000 3 Sodiul :1 me:Clbisulphate 

Total 12341.150 13G7523953 17. ------- _._-- .. _-- -
12.00 Control 1572.0000 2.00000 3 

Ascorbic acid 3740.3000 4.00000 3 
Cystein 1626.2000 2.00000 3 

_ _ _____ T:.o~~ta:::.:.I_ .. _ , _ __ ___ .~1.::.8=88::.:.==22=50 1193.33215 __ . __ 1~ 

Sodium metabisu!phate 614.400

tt 
2.00749 3 

Total Control 27332.840 19007,70943 '15 
Ascorbic add 22304.400 7.5379.07758 15 
Cystein 2847.6BOO 1850.8241G 15 
Sodium nw:abisulphate 1358.8000 743.06563 15 

Total 13460.930 1934-'1 .00807 130 
.-- .. - .- - ---.. .~=-:..:...:..:...... 1--'---'-

2.00 Control 5420.7000 5.00000 3 

Ascorbic add 
Cyslein 
Sodium nwtabisulphate 

105'16.200 3.00000 3 
2746.5000 2.000()0 ;} 

1192.6000 1'-13205 3 
Total 4969 .0000 3699.24530 12 
---=-.:.:---------j~:..:::.:~.:~ ---- ---- - .. ---- -

4.00 . Control 4625.7000 

Ascorbic add 47 '16.0000 
Cyslein 2330 .9000 
Sodium mctabisulphate 939.6000 

2.64!i75 
4.00000 
2.08000 
1.00000 

3 
.1 
3 
3 

Total 3153.0500 1666.80049 12 --- -- - _._-- _._,--- - --- ... _._---_. 
56'13.7000 I 3.00000 3 

Ascorbic acid 5746.0000 3.00500 3 
Cyste:n 2927.2000 2.00000 3 

6 .00 Control 

Sodium melabisulphate 2330.9000 1.00000 3 
I 

____ ._ --:.T..,:.ot;..:.:a_' _ _______ .J.-.:.4.:..:.16'-=9..:....~ 1624.11468 12 ; 

Ascorbie acid 6107.4000 3.00500 3 
Cystcin I 4264.3000 3.00000 3 

B.OO Control 4390.8000 5.00000 3

J
1 

Sodium mclabisulphate 885.4000 I 2.00000 3 
_________ '_, ______ ~ta.t __ ... _ __ 3911'.9750 I 1 9~7 . 152.?~ ___ ..E 
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D0t:c~i ptive Statistics 

ft -
Temp (oc) _Time (Ilr$} ~~r Mean Std. Deviation N - .. -

ily 40.0U 12.00 Conl.rol 3252.4000 2.00000 3 
Ascorbic r.lcid 4770.2000 5.00000 3 

,-_.-
j 

l'AcIi ' 
Cystein 3035.6000 4.00000 3 
SOdium metabisulptlate 216.8000 2.00000 3 
T(lI;~ 1 2818.7500 1717 .297f!.~ . 12 --------.--.----

Total Control 4672.6600 885.65718 15 
Ascorbic 3c1d 6371 .1600 2217.35479 15 
Cystein 3060.9000 670.57428 15 
Sodiulll n IctabisuJphate 1113.0000 713.34258 15 
Total 38·04.4450 2330.00921 60 

50.00 2.00 Control 5168.0000 4.03361 3 
Ascorbic acid 10787.200 7.00000 3 
Cystein . 1626.2000 6.00000 3 
Sodium melabisulpha!e 867.3000 2.00000 3 
ToL'31 4612.1750 409 1.45720 12 -- ----- --_. --------

4.00 Control ' 1355.0000 5.01199 3 
Ascorbic acid 975.7000 5.00000 3 
Cyslein 1029.9000 3.00000 3 
Sodium metabisulphate 704.0000 4.17971 3 
Total 1016.1500 241.66088 12 --_. !--._---

6.00 Control 1969.0000 3.12250 3 
Ascorbic acid 2222.0000 2. 17945 3 
Cyslei:l 101 ·1.0000 2 .53574 1 

Sodium metabisulptlate 542.0000 2 .. 00749 I 3 
Tolal 1436.0000 716.38537 12 ---_._-----

8.00 Conlrol 3053.0000 3.23574 3 
Ascorbic acid 4101.0000 1.57162 3 
C)lslein 1517.0000 1.70880 3 
Sodiull1 metabisulphate 1138.0000 2.06640 3 
Total 2452.2500 1244.76024 12 . -- -

12.00 Control 2"710.3000 5.00300 3 
Ascorbic acid 2222.0000 3.12250 3 
Cystein 676.0000 1.57162 3 
Sodium melabisulptiate 433.0000 3.23574 3 
Total 1510.3250 1018.44540 12 ._.-

Total Control 2851 .0600 1345.23661 15 
Ascorbic acid 4061.5800 3631.00764 15 
Cystein 1172.0200 363.75716 1:5 
Sodium metabisulpl1ate 736.8600 257.46116 15 
Total 2205.3800 2325.234G1 

/---
60 

Total 2.00 Control 20336.467 22563.44069 9 

Ascorbic acid 291131.467 27"194.89801 9 
Cystoin 2939.2333 1229.1 "1074 9 
Sodium metabisulphate 1451.5667 656.71078 9 

\ Total 13478.683 20847.47480 30 .. _-.. 
4.00 Control 15147.800 18291.08707 9 

Ascorbic acid . 2674.2000 1639.94006 9 
Cyslein 1493.7000 629.12236 9 
Sodium metabisulptJate 728.5667 173.11996 9 
Total 50"11 .0667 10625.79896 36 . w - -

--' 
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Deecriptiv.e Statistics 

.------~-------------.. .... ---.---~-.. ----._,~---_r_-----_r_---_, 
~~.~ ______ ~T~e~ln.~) 

Activity Total 

Browning Index 30.00 

Time (IlrsL __ !Df1ibl,'_to-:-r __ _ 
6.00 Control 

Mean 
6016.8333 
13389.000 

Std. Deviation N 
3663.15994 9 

9 
9 
9 

A:.;corbic acid 14189.78678 
Cyslein 1818.6667 859.87760 
Sodium rnetabi5til hale 1391 .3000 777.57237 
Total 5653.9500 8559.84442 

. ---------.-.----.. . -. --------i---.;....;...c""O";"''-'------i 
36 

9 
9 
9 . 

9 

8.00 

12.00 

Total 

2.00 

4 .00 

6.00 

Control 14081 .600 15550.34384 
Ascor!Jic add 5739.7333 1289.80529 
Cystein 3770.1333 1776.38518 
Sodium metabi ulpl1ate 1349.0333 517.68918 

Total 6..?_3_5._·1_2o::..;r::0=--t_.;:.8~94.;..:5~. 9:o..;7,.;:.5.;;.36.:..-..t. 
Control ·-2511 .5667 742.74908 
Ascorbic m:id 3577.5000 1110.14378 
Cystein 1779.2667 1028.16861 
Sodium metabisulphate 421.4000 172.39894 
Total 2072.4333 1418.21692 
Control 11618.853 15576.21778 
Ascorbic acid 10912.380 16672.50888 
Cyslein 2360.2000 1415.91107 
Sodium rnetabisulpl1ate 1069.5733 652.36781 
Total 6490.2517 12319.39799 . 

36 
9 
9 
9 

9 
36 
45 
45 
45 
4[; 

180 
Control 53.0000 2.00000 3 
Ascorbic acid 45 .0000 
Cystein 28.0000 
Sodium metabisulphate 27.0000 
Tofal 38.2500 
Control 42.0000 
Ascorbic acid 35.0000 
Cystein . 29.0000 
Sodium metr3bisulphate 23.0000 
Total 32.2500 
Control 39.0000 
Ascorbic acid 34.0000 
Cystein 27.0000 
Sodium metabisulphate 25.0000 

1.00000 3 

1.00000 3 
.00000 3 

. ___ 11_.6_u_28_8_
f 
____ 12 

2.00000 
5.00000 
1.00000 
.00000 

7.72393 
5.196 '15 
2.00000 
346410 . 
3,46410 
6.63496 

3 
3 
3 
3 

12 
3 
3 
3 
3 

12 Total 31 .2500 
-------------------------~~~~~-I --------t------. 

800 Control 37.0000 4 .00000 :~ 

Ascolbic acid 4.7.0000 22.60531 :3 
Cystein 28.0000 2.64575 3 
Sodium metabisulpl1ate 22.0000 5.29150 3 

--,-~ _____ To_ta_I._____ 3..::.3;:.::.5.;:.O~00"-t ___ -'-14.:..;.._'_'12.:_:6_0_6_l 12 
12.00 Control 26.0000 .00000 3 

Ascorbic acid 33.0000 2.00000 3 
Cystein 24.0000 1.00000 3 

" 
Sodium melabi~ulphate 21 .0000 .00000 3 
Tota! I 26.0000 4.70976 12 

Total Conlrol I 39.4000 9.38692 15 
.Ascorbic acid 138.8000 10.75839 15 
Cystein 27.2000 2.51282 15 
Sodium rneiabisulphale 23.6000 3.26390 15 
Tcu~1 32.2500 10.09D4~___ 60 

-~-----.. --.-........... .... ---
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,------------------_. _. -~---.-. -----_._-,.----..,....-----oy-------, 
Temp (oC) _ Time (Ilrs) Inhibil..,.or __ ~_. _ _f_-M~ea;.;.;n..;.. _ _+...;S;.;.td.;..; . ..;.D .... e;.;.v....;ia __ li..;..or;.....l N 
40.00 2.00 ·Coiirri)1 51 .0000 .00000 r---"3-

4.00 

6.00 

1\3co~)ic acid 28.0000 2.00000 3 
Cy!:tein 213.0000 
SG-dilHll rnetabisu!ptla(:'} 25.0000 

Towl 33.0000 

2.00000 . 
.00000 

3 
3 

10.99587 12 "-- .-.. --------.----t--..::c:.:..::...:..;~+_ 

Conlrol 36.0000 4 .00000 3 
Ascorbic ad I 32.0000 2.QOOOO 3 
Cyslp.in 28.0000 2.00000 3 
Sodium rnetabisuiphate 26.0000 .00000 3 

Total __ .. --'--+---343-0-.. c05-,--oooOOO ___ 4.;.c...:>.:c:r.:2:;.;.:2c.:.6_7-t _____ 1_2-1 
Control 4.00000 3 
Ascorbic acid 30.0000 4.00000 3 
Cystein 27 .0000 2.00000 3 
Sodium mctabisulphale J 24 .0000 2.00000 :3 
Tolal 28.7500 4.71217 12 

·----::----:---·-·-----·I----"-.:..:..c.~'_I·--·---'----t--------

8.00 Control 30.0000 7.21110 3 
As(;o.-bic acid 41.0000 1.00000 I 3 
Cystein ' 25.0000 ' 1.73205 I 3 
Sodium m ;;.;bisulphate 22.0000 1.'73205 1 3 
Totai ______ .. _:--.29~~ 8.22966 r~~':" 
Control 34.0000 4.00000 . 
Ascorbic acid 41.0000 I 2.00000 3 
Cystein 26.0000 .00000 3 

Sodium me!abisulphate 21 '00~0 .00000 3 
Totai 30.5000 8.19645 12 

I----·-----~----- ·--
Contl ol 370000 8.417G7 15 
Ascorbic acid 34.4000 6.08041 15 
Cystein 26.8000 1.89737 15 

12.00 

------
Total 

Sodium rnetabisulphate 23.6000 2.16465 15 
Total 30.4500 7.59890 60 __ ~--·--~~------·~--~------------~-~~~~----·~~~-t------~-~-

50.00 2.00 ContrCil 37.00CO .00000 

4 .00 

6.00 

B.OO 

Ascorbic acid 
Cyslein 

40.0000 .00000 
27.0000 1.00000 
24.0000 1.00000 

3 
3 
3 
3 Sodium metabisulphate 

Total 32.0000 6.99350 12 
.------~-. ---~-------

Conlrc.1 
Ascorbic acid 
Cystein 
Sodium metabisulp!1ate 
Total 
Control 

36.0000 I 
31 .0000 
25.0000 
24.0000 

- 29.0000 
31 .0000 

2.00000 
1.00000 

.00000 

.00000 
5.15223 
1.00000 

Ascorbic acid 38.0000 2.00000 

Cystein 27.000+ 1.00000 
Sodium metabisulpl1ate 23.0000 1.00000 

Total ---"!.-' ___ t--....::2:.:.9.:.:..7..::;.5=OO ~9:t1491 
Control 32.0000 2.00000 
Ascorbic acid 44.0000 2.00000 J 

Cyslein 28.0000 .00000 
SOC!Unl me'labisulphate 20.0000 .00000 

3 
3 
3 
3 1;_ 
3 
3 
3 

12 
3 
3 

3 
3 

12 Total 31 .0000 9.12539 
~------------------------------------.--.--~-------~--~~~~----------~------~ 
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_...---. ....... --... ... .... _--
N ime {hrsL._ •• !!1!.!Lbitor __ .• __ ~ Mean Std. Deviation 

2.00 Control 29.0000 4.00000 3 

A'scct bic acid 31 .0000 2.00000 3 

Tern[? (oC) T 
Browning Index 50.00 1 

Cystein 20.0000 1.00000 3 

. Sodium metabi!wlphate 19.0000 .00000 3 

Total 24 .7500 5.87947 12 

T otal Control 33.0000 3.66450 15 

Ascorbic acid 36.8000 5.46678 15 

Cystein ' 25.4000 3.04256 15 

Sodium met~bisulphate 22.0000 2.23607 15 

Total 29.3000 6.98982 60 

Total 2 .00 Control 47.0000 7.61577 9 
Ascorbic acid 37.6667 7.6485:3 9 

Cystein 27.6667 1.32288 9 

Sodium metabisulphate 25.3333 1.41421 9 
Total 34.4167 10.19068 36 

4 .00 Control 38.0000 3.87298 9 
Ascorbic acid 32.6667 3.27872 9 
Cystein 27.3333 2.12132 9 
Sodium metClbisulphate 24.3333 1.32288 9 

Total 30.5833 5.94439 36 
6 .00 Control 34 .6667 4.132'1(13 9 

Ascorbic acid 34.0000 4.2<12G4 9 
CYRlein 27.0000 2.00 ·i55 9 

Sodium metabisulphate 24.0000 2.23007 q 

Total 29.9 '167 5.'72900 -~ 
8 .00 Control 33.0000 5.26783 9 

Ascorbic acid 44.0000 11 .65118 9 
Cystein 27.0000 2.17945 9 
Sodium metabisulphate 21.3333 2.95804 9 
Total 31.3333 10.62880 36 --

2.00 Control 29.6667 4.50000 9 
As~orblc acid 35.0000 4.8989(1 9 
Cystein 23.3333 2.73861 9 
Sodium metabisulpl1ate 20.3333 1.00000 9 
TO';al 27.0833 6.72469 :36 ._-- -.---~-

T ola l Control 36.'i667 7.872(15 45 
Ascorbic acid . 36.6667 7.83640 45 
Cystein 26.4667 2.59019 45 
Sodium metabisuiphate 23.0667 2.65775 1\5 
Total I 30.6667 8.37728 180 -._-------------
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Mulliv<inate TestS: 

----·l-v--ai~~-~-'-~I-I-y-po-t-! IC-· s-is-df -._ ~_I_-_E_If_o_r (_If_'f-__ S_i~ 
--...."P'"'"it,.,.-la-""i'-s""'"l-ra-c-e-·--- --------G)OO I 3E+OOaa 2.000 119.000 .000 

Wilks'Lambda .000 I 3E+Uu8" 2.000 119.000000 

Hotelling's Trace 5876032 I 3E+00B3 2.000 119.000 .000 , 
Roy's Largest noot ~;376032 3E+008'" 2.000 '119.000 .000 

1-------4----~-----------~--·--~----------
Pillai's Trace 1.011 61.285 4.000 240.000000 

-----.----
Temp 

Wilks'Lambda .000 110996.6'" 4.000 23B.000 .000 

Hotelling's Trace 3-1468G3 1 E+008 1\.000 236.000 .000 

Roy's Lmgest Root 3446863 2E+008b 2.000 '120.000 .000 
- ----- ----------:::-:::'--::---=:-=-------- -------~--------II---------t-------- -----
Time Pillai's Trace 1.049 33.100 8.000 240.000 .000 

Wilks' Lambda .000 42992.696a B.OOO 2)8.000 .000 

Hotelling's Trace 1988544 3E+007 8.000 236.000 .000 

.000 nuy's Largest Root HJ885t14 6E+007u 4.000 120.000 
--.-.----------:::-:c~____=:,...=--------I -.:..::....::...::...::.---I-·---=-.:..::....:-+---------I------- --------

IniliLJitOi Pillai's TrGlce 1.055 44 .61\4 6.000 2"0.000 .000 
Wilks'Lambda .000 73149A75a G.OOO 238.000 .OOf) 

Hotelling's Trace 3~~ 17615 6E+007 6.000 236.000 .000 

Roy's Largest Root 32.17615 1E+008b 3.000 120,000 .000 
----------------~--~-------I---------I--------+------I--------·-+-------
Temp' Tillle Pillai 's Trace 1.123 19,191 16.000 240.000 .000 

Wilks'Lambda .000 24009.097a 16.000 238.000 .000 

Hotelling's Trace 22888131 2E+007 16.000 236.000 .000 

Roy's Large!> t f~o()l 2288G8 '! 3E+007u 8.000 120.000 .000 ---- ---._----_.- ------- -- ----- _._--
Telllp • IllllilJilor Pillai's Trace 1.0e8 23.839 12.000 

Wilks' Lambda .000 37099.291 a 12.000 

240.000 .000 ' 

238.000 I 
236.000 

.000 

.000 HoteHing's Trace 3195997 3E+007 I 12.000 

_________________ ...,R:::-c,o,,:-y..,,'s_L-=:a_r9::...e_s_t _R_o_ot_+ __ 3_19_5_8_9_7_+ __ 6_E_+_00_-7 __ U I 6.000 
1 illle ' IllllilJitur Pillai's Trace 1.479 28 .384 24 .000 240.000 .000 I 120.000 . ____ .0_00_ 

Ilotciling's Trace 29035tl3 1 [+007 ~4 .oon 2:~G . ()(Hl {JOn 
YVilks' Lambda .000 23399.432a I 24.000 I 238.000 .000 

_________ -."r\:-:-:o~y..".'s-L=a...:' 9::...e_s_1 _H __ oo_t---l __ 2_90_3_5_'1_3_~-3--E_+-0-U--7b ~__ 12. 0~~11 _ _ 12_0_. O_O_O--+-_ __ . o_o~_. 
Temp' -I illlC • Illhibilor Pillai's Trace 1 . 30:~ 9.3'19 48.000 240.000 .000 

(1. Exact slati!>tic 

Wilks'Lambda .000 11877.156u 48.000 238.000 .000 

9838788 48.000 236.000 .000 

2E+007b 24 .000 120.000 .000 
I-Iotelling's Trace __ I 400221 9 
Roy's Larges t Root 4002218 

,~------~--------~--------~------.--~------

b. Tile stat is lic is an upper bound on F that yields a lower bound on the signifisance level. 

c. Design: Intclcept+Temp+ Tillle+lnllibiIOl+ Temp' Time-f Temp' Inhibitor+ Time' Illhibitor+ Temp' Timc * 

" IlliLJiltl J 
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Soulce 
Corrected Model 

Illtercept 

----_. 
Temp 

------
rillle 

------. 
Inhibitol 

----. 
I elllp • lime 

.. . ------. 
relllp' IilliilJitor 

._-----
t illle • il1liiuilor 

._---
1 elnp • '1 irne ' Inhibitor 

. ---_ .. _------_.-. 
r:" 01 

Tests of Belween··Subjects Effects 
-
rype III Sum 

Deeenuent Variabie . of S.quares 
2.117E+010a- -

df Mean Square F Siq. 
Activi ty 59 460447342.0 4E+007 .000 

Browning Index 10B5G.000b 59 184.034 12.960 .000 -
Activity 7582203005 1 758220G005 7E+008 .000 

Browning Index 

Activity 

169280.000 11921.127 .000 

2224921172 2E+008 .000 

169280.000 1 
--------·r·------·~ ____ ~~~-~~· __ ~-

4449842345 2 

Browning Index 265.300 2 132.650 9.342 .000 

Activity 641769969. 1 6E+007 .000 
--------;-------

4 2567079876 

Browning Index 10UG.000 4 25 1.250 17 . (j~JtI .000 
-

Activity 
- ----/------t---.--- --
4 153448449 3 1384482816 1E+008 .000 

Browning Index 
1-. 

Activity 

Browning Index 

I\ctivity 

6526.800 I_~ 2·!75.600 153.211 ___ '_0t2.~ 
2954643739 8 I 369330467.4 3E+007 000 

424 .200 I 8 1 ___ 53.025 __ ~734 ___ .:S'o 1 
412G01i1G81 I G 613'7669780.7. GEI007 000 

Browning Index 
.-

I\ctivity 

I 
24G.300 I 6 41.050 I 2.881 .011 - ·- I-----·t-·------------.-----

3748503653 12 31Z375304 .5 31:+0U7 .000 
Browning Index 

--_. - _ 1570.200 I '12 '130.850 9.215 ___ YOC_._ 
Activity 

Browning Index 
.,._--

Activity 

51 66856433 I 24 215285684 .7 2E+007 .()OD 

820.200 24 34.'175 2.407 .001 ---t ------. ------------- . --_ . 
1295.580 ';20 I 1O.i9G 

-I~;i~-·-------Activ~----- -
S .. , wnlng 'adex t 

3.475Ef010 180 ! ---- ------
1704'00~t' ___ 1~Q..I · 14.200 I 

181U'l2.000 ___ 182...1 _____ /' _______ . ___ _ Browning Index . 

Corrected r otal Activity 

Bruwning Index I 
~.7 17EIOI0 I '179 I 

256;~.000 1"19 I I J .. ____ ---1 

<l . R SqULlI (~d == 1.000 (I\djusted r~ Squared == 1.000) 

b. n S~luared =. .86'l (/\ djll sted r{ Squared == .79[1 ) 

Estill1<Jf.ed Marginal Means 

Uep 
/\ cti 

encien t Vcrriclble 
vity 

B l OW nillY Ilidex 

Post Hoc Tests 

Temp 

Grand Mean 

Mean Std. Error 
6490.252 .245 

30.667 .281 

Homogeneolls Subsets 

95% Confid~nce Illterv3_1 __ 

Lower B ound U er Bound 
648 

3 _0_-
9.767 

0.1 11 
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.... 

L 

Activity 

DUllcall",IJ,c 
---r'--- --_ ... _---_._-_ ... . _ ... _----

Subset ._ 

1 -~-2~i-3-Temp I\J -- "---' ... 50 .UO 60 2205.3800 
tlO .OO GO 3804.4450 
30.00 60 1 13460.93 
Sig. 1.000 '1.000 1 000 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 
'1 he error term is Mean Square(Error) = 10.796. 

a. Uses Harmonic Mean Sample Size ::: 60.000. 

b. Tile glOlliJ sizes are unequal. The harmonic mean 
of lhe group sizes is used. Type I error levels are 
fl ol gllamnleed. 

c. Alpha = .05. 

Browning Index 

r)1II1C811 .. ,b,e 
-"---

_Ten.!L N 
50. 00 GO 
tlo .OO 60 
30.00 60 
Sig. 

e 

Subset 

1 
29.3000 

30.4500 

.097 I 

.. 

2 

32 .2. 500 

000 1. 

Means for groups in homogencous suuset !O are displaye(l. 
Oased all Type III Sum of Squales 
"I he error term is Mean Square(Error) = 1'i .200. 

a. Uses Harrllollic Mean Sample Size:::: 60.000 . 

b. The grollp sizes ale uncqua l. The harmonic Illeal1 
of the group sizes is used. Type I error levels me 
flol guaranleed , 

c. /\ lpl1a = .05. 

Time 

HomogHneous Subsets 
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• 

--

1 ime N 
12.00 36 

4.00 36 

G.OO 36 

8.00 36 

2.00 36 

Sig. 

1 
2072.4333 

1.000 

Activity 

2 
I 

1

5011 .OGG7 

_Subse t _ 

3 

56G3.9500 

1.000 1.000 

Means for groups in homogeneous subsets are displayed. 
8ased on Type II I Sum of Squares 
Tile error term is Mean Square(Error) = '10. 796. 

a. Uses Hnnnonic Mean Sample Size =- 36.000. 

, 

4 5 

6235.1250 

13478.68 

1.000 1.000 

b. Tile group sizes are unequal. The harmoni c: mean of 
used, Type I ~,' ror levels are not guaranteed . 

the group sizes is 

c. Alpll a = ,05 . 

Browniny Index 

[Juncar I il .b.e 

Subset ---.- -F 'lirlle N 2 3 
12.00 36 27.0833 
G.OO 36 29.9167 

'l UU 36 30.5-933 

I 
I 

IJ.OO 38 31.3333 
2.00 36 :>1.41 67 
Si!J. '1.000 .135 1.000 

1\.1 {)C1 nS for gr oups in Ilomogeneous suiJsets are displayed. 
BClSCU 011 Type III Sum of Squares 
'IIle error tcrrll is Mean Square(Error) = 14 .200. 

a. Uses Harmonic Mean Sample Size := 36.000. 

b. Tile yrou J.! sizes are unequal. The harmonic mean 
of til e group sizes is used. Type I en or ievels are 
not guaranleed. 

c. Alplla = .05 . 

1 29 

, 

'. 
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j 

1 

I .. 

Inhibitor 

Homoueneous Subsets 

Acti vity 

Dune"1 I n.h.c 
.. . . .----- -. -- -- ~- .. ----- .-------. Subs~t-·----·-·----·· -- .. 

~~I~l ibit~r __ . _ . . _____ .. ____ ~ __ I __ = 1-~=~ .~=~~=_~.~_] __ = -. ___ ~.-=~~. 
Sodiufll ll1e tabisulphite 45 1069.5733 , 

Cysteill 45 2360.2000 j 
/\scolbic acid 45 10912.38 

Contl o! 4'5 11618.85 

Sig. '\.000 1.000 1.000 1.000 I _ _ ______ . __ .. _ _ __ ._~ ____________ . ______ ._ • ____ _______ _ 

Means [O!' groups in homogeneous subsets are displayed. 
Bas(,rj 0 11 rype III SUill of Squares 
I lie ellor 18rm is MUCIn Square(ErrDrj :: 10.'196 

n. Uses i-Iarrnol lic Mean Sample Size:: 45.000 

iJ T lie group sizes are unequal. The harmonic mean of the group sizes is used. Type 
I Ollur levels are nol gl Jaran teed. 

c. Alplla :: .05. 

OUl ICelll ~' .Il c 

IlllliLJiltll 

Sodiul1l11lctaiJisu lpilii" 

Cysteill 

C()l ll i OI 

I 
A SC()I bic acid 

Sig. 

Brow ling Index 

'1- -" .- ·--1--- ·----·--·---S~bs~---'·--·- "-,; 

'I N 45 II - -' 2:: '~6~i " -- ~- .i~~.~·~ ~- --~ j . 1\ 

45 26.4G67 

'15 36.4667 I 
45 , 36.6667 I 

..... _____ . _______ ~.OOO_ ... ,_ .. , 1.000 1 ___ .. ~~_~ _ l 
Means for groufJs in homogeneous subsets ale displ.3yed. 
Based 011 Type III SUln of Squares 
The enol' lcrm is Mean Square(Error) == 14.200. 

:) Uses I i,:1IIIlOllic lv1eall Sample Size == 45.000. 

b. The group sizes are unequal. The harmCJllic mean of the group sizes 
is usee!. Type I error levels are not gUaianteed. 

c /\11'118 == . O~i . 
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I 

BROWNING 

Duncan8 ,b 

INHIBITOA. N 
4.00 45 
3.00 45 
1.00 45 
2.00 45 
Sig. 

Subset 
1 

36.4667 
36,6667 

.871 
Means for groups In homogeneous subsets are displayed. 
Based on Type III Sum of Squares 

a. Uses Harmonic Mean Sample Size = 45.000. 

b. Alpha = .05. 

General Linear Model 

Warnings 

The DESIGN subcommand is 
empty, so a saturated design will be 
generated. 

Between·Subjects Factors 

Value Label 
~~-

Inhibitors 1.00 Control 
2.00 Ascorbic acid 
3.00 L·Cystein 
4.00 Sodium 

metabisulphite 

Descriptive Statistics 

. 
Inhibitors Mean 

ACTIVITY Control 116'18.8533 
Ascorbic acid 10912.3800 
L-Cystein 2360.2000 
Sodium metabisulphite 10695733 
Total 6490.2517 

BROWNING Control 36.47 
Ascorbic acid 36.67 
L-Cystein 26.47 
Sodium metabisulphite 23.07 
Total 30.67 

Std. Deviation N 
15576.2178 45 
16672,5089 45 

1415.9111 45 
652.3678 45 

12319.3980 180 
7.87 45 
7.84 45 
2.59 45 
2.66 45 
8,38 180 
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Multivariate Tests" , 

. 
Effect Value F Hypothesis df Error df Sig. 
Intercept Pillai's Trace .969 2695.379c 2.000 175.000 .000 

Wilks' Lambda .031 2695.379c 2.000 175.000 .000 
Hotelling's Trace 30.804 ~695 . 379c 2.000 175.000 .000 
Roy's Largest Root 30.804 2695.379c 2.000 175.000 .000 

INHIBITOIt, Pillai 's Trace .523 20.764 6.000 352.000 .000 
Wilks' Lambda .479 25.964c 6.000 350.000 .000 
Hotelling's Trace 1.085 31 .459 6.000 348.000 .000 
Roy's Largest Root 1.082 63.452 3.000 176.000 .000 

Page 5 
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r 

Multivariate Testsll 

. 
Noncent. Observ~d 

Effect Parameter Powe 
Intercept Pillai's Trace 5390.758 1.000 

Wilks' Lambda 5390.758 1.000 
Hotelling's Trace 5390.758 1.000 
Roy's Largest Root 5390.758 '1.000 -

INH IBITO~ Pillai's Trace 124.586 1.000 
Wilks' Lambda 155.786 1.()OO 
Hotelling's Trace 188.757 1.000 
Roy's Largest Root 190.356 1.000 .. 

a, Design: Intercept+INHIBITO 

b. Computed using alpha = .05 

c. Exact statistic 

Tests of Between-Subjects Effects 

.. 
Type III Sum of 

Source Dependent Variable Squares df Mean Square 
Corrected Model ACTIVITY 41 53448448.657° 3 1384482816.219 

BROWNING 6526.800c 3 2175.600 
Intercept ACTIVITY 7582206005.401 1 7582206005.401 

BROWNING 169280.000 1 169280.000 
INHI BITOR ACTIVITY 4153448448.658 3 1384482816.219 

BROWNING 6526.800 3 2175.600 - --. 
Error ACTIVITY 2301 2946023.492 176 130755375.133 

BROWNING 6035.200 176 34.291 
Total ACTIVITY 34748600477.550 ~ 80 

BROWNING 181842.000 180 
Corrected Total ACTIVITY 27166394472.149 179 

BROWNING 12562.000 179 
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F Sig. 
10.588 .000 
63.445 .000 
57.988 .000 

4936.585 .000 
, 10.588 .000 

63.445 .000 
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Tests of Between-Subjects Effects 

NOl1cent. Observed 
Source Dependent Variable Parameter Powe~ 
Corrected Model ACTIVITY 31 .765 .999 

BROWNING 190.336 1.000 
Intercept ACTIVITY _ 57.988 '1.000 

BROWNING 4836.585 1.000 - 1----'-- .-
INHIBITO~ ACTIVITY 3'1.765 .999 

BROWNING 190.336 1.000 
Error ACTIVITY 

BROWt-.;! I':G ---
Total ACTIVITY 

BROWNING ----------
Corrected Total ACTIVITY 

BROWNING 
U ' 

a. Computed using alpha = .05 

b. R Squared = .153 (Adjusted R Squared = .138) 

c. R Squared = .520 (Adjul>ted R Squared = .511) 

Estimated Marginal Means 

Grand Mean 

Dependent Variable Mean Std. Error 
ACTIVITY 6490.2517 852.302 
BROWNING 30.67 .436 

Post Hoc Tests 

nhibitors 

Homogeneous Subsets 

ACTIVITY 

Duncana,b 

--
Subset 

Inhibitors N 1 2 
Sodium metabisulpl1ite 45 1069.5733 
L-Cystein 45 2360.2000 
Ascorbic acid 45 

I 
10912.3800 

Control 45 

.592 I 11618.8533 
Sig, 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 

a. Uses Harmonic Mean Sam~:~ Size:: 45.000. 

b. Alpha = .05. 

.769 
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BROWNING 

j DuncanB,b 

~9J;.!L 
Inhibitors N 1 
Sodium metabisulphite 45 
L-Cystein 45 
Control 45 36.47 
Ascorbic acid 45 36.67 
Sig. .~11J 

Means for groups In homogeneous subsets are displayed. 
Based on Type III Sum of Squares 

a. Uses Harmonic Mean Sample Size = 45.000. 

b. Alpha = .05. 

>Error # 2085 
>The temporary period for running SPSS for Windows without a license has 
>expired. Use the License Authorization Wizard to contact SPSS for a 
>license code . 
>This command not executed . 

>Spec i f ic s~nptom number: 37 

End of job: 0 commanc l ines 1 errors 0 warnings 4 CPU s econds 
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, General Linear Model 

I 
'" Warnings 

.. ~--~~~~----~~----~ The DESIGN subcommand is 
empty, so a saturated design will be 
generated. 

Between·Subjects Factors 

Value Label 
TEMP 30 no label 

defined 
40 no label 

defined 
50 no label 

defined 

Descriptive Statistics 

TEMP Mean Std. Deviation N 
ACTIVITY 30 13460.9300 19344.008"1 60 

40 3804.4450 2330.0092 60 
50 2205.3800 2325.2346 60 
Total 6490.2517 12319.3980 180 

BROWNING 30 32.25 10.09 60 
40 30.45 7.60 60 
50 29.30 6.99 60 
Total 30.67 8.38 180 -

Multivariate Testsa 

, 

Effect Value F Hypothesis df 
Intercept Pillai 's Trace .942 1440.711 c 2.000 

Wilks' Lambda .058 1440.711 c 2.000 
Hotelling's Trace 16.372 1440.711 c I 2.000 
Roy's Largest Root 16.372 1440.711 c 2.000 

TEMP Pillai's Trace .174 8.419 4.000 
Wilks' Lambda .827 8.791c 4.000 
Hotelling's Trace .209 9.1 60 4.000 
Roy's Largest Root .207 18.358 2.000 

Error df Sig. 
176.000 .000 
176.000 .000 
176.000 .000 
176.000 .000 
354.000 .000 
352.000 .000 
350.000 .000 
177.000 .000 
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Multivariate Tests8 

Noncent. observ~d 
Effect Parameter Powe 
Intercept Pillai 's Trace 2881 .421 1.000 

Wilks' Lambda 2881.421 1.000 
Hotelling's Trace 2881.421. 1.000 
Roy's Largest Root 2881 " ~£Ll __ l:Q92_ 

TEMP Pillai's Trace 33.6761_ .999 
Wilks' Lambda 35.164 .999 
Hotelling's Trace 36.640 .999 
Roy's Largest Root 36.716 ....-J..:QQ.Q... 

a. Design: Intercept+ TEMP 

b. Computed using alpha = .05 

c. Exact statistic 

Tests of Between-Subjects Effect.'J 

TYPE! III Sum of 
Source Dependent Variable _ Squares df Mean SQuare F Sig. 
Corrected Model ACTIVITY 444984231\4.639° 2 22249211 72. 319 17.336 .000 

BROWNING 265 .300c 2 132.650 1.909 .151 
Intercept ACTIVITY 7582206005.401 1 7582206005.401 59.078 .000 

BROWNING 169280.000 1 '169280.000 2436.634 .000 -
TEMP ACTIVITY 4449842344.639 2 2224921172.320 17.336 .000 

BROWI~lNG 265.300 2 132.650 1.909 .151 
Error ACTIVITY 227165521 27.511 177 128342102.415 

BROWNING 12296.700 177 69.473 
Total ACTIVITY 34748600477.550 180 

BROWNING 181842.000 180 
Corrected Total ACTIVITY 27166394472.149 179 

BROWNING 12562.000 179 

Page 2 
137 



L 
Tests of Between-SubJects Effects 

Noncent. 
Source Dependent Variable Parameter 
Corrected Model ACTIVITY 34.672 

BROWNING 3.819 -
Intercept ACTIVITY 59.078 

BROWNING 2436.634 
TEMP ACTIVITY 34.672 

BROWN::'.iG 3.819 
Error ACTIVITY 

BROWNING -- -
Total ACTIVITY 

BROWNING -
Corrected Total ACTIVITY 

BROWNING 

a. Computed using alpha = .05 

b. R Squared = .164 (Adjusted R Squared = .154) 

c. R Squared = .021 (Adjusted R Squared = .010) 

~stimated Marginal Means 

Grand Mean 

Dependent Variable Mean Std. Error 
ACTIVITY 6490.2517 844.400 
BROWNING 30.67 .621 

Post Hoc Tests 

rEMP 

Homogeneous Subsets 

ACTIVITY 

Duncana.b 

Subset 
TEMP N 1 
50 60 2205.3800 
40 60 3804.4450 
30 60 
Sig. .439 

Means for groups In homogeneous subsets are displayed. 
Based on Type III Sum of Squares 

a. Uses Harmonic Mean Sample Size = 60.000. 

b. Alpha = .05. 

Observed 
Powe,s 

1.000 
.393 

1.000 
1.000 
1.000 

.393 
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BROWNING 

Duncana,b 

Subset 

TEMP N 1 
SO 60 29.30 
40 60 30.45 
30 60 32.25 
Sig. .066 

Means for groups in homogeneous subsets are displa)led. 
Based on Type III Sum of Squares 

a. Uses Harmonic Mean Sample Size = 60.000. 

b. Alpha = .OS. 
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,General Linear Model 

I 
Warnings 

The DESIGN subcommand is 
empty, so a saturated design will be 
generated. 

Between-Subjects Factors 

Value L3bel 
TIME 2 no label 

defined 
4 no label 

defined \ 

6 no label 
defined 

8 no label 
defined 

12 no label 
defined 

Descriptive Statistics 

TIME Mean Std. Deviation N 
ACTIVITY 2 13478.6833 20847.4748 36 

4 5011 .0667 10625.7990 36 
6 5653.9500 8559.8444 36 
8 6235.1250 8945.9754 36 
12 2072.4333 1418.2169 36 
Total 6490.2517 12319.3980 180 

BROWNING 2 34.42 10.19 36 
4 30.58 5.94 36 
6 29.92 5.73 36 
8 31 .33 10.63 36 
12 27.08 6.72 36 
Total 30.67 8.38 180 

Multivariate Tests8 

Effect Value F Hypothesis df 
Intercept Pillai's Trace .944 1477.206c 2.000 

Wilks' Lambda .056 14Tl .206c 2.000, 
Hotelling's Trace 16.979 1477.206c 2.000 
Roy's Largest Root 16.979 1477.206c 2.000 

TIME Pillai's Trace .120 2.795 8.000 
Wilks' Lambda .881 2.850c 8.000 
Hotelling's Trace .134 2.903 8.000 
Roy's Largest Root .126 5.509 4.000 

Error df Sig. 
174.000 .000 
174.000 .000 
174.000 .000 
174.000 .000 
350.000 .005 
348.000 .004 
346.000 .004 
175.000 .000 
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Multivariate Tasts!l 

,.-~~-

Effect 
Noncent. Observ~d 

Parameter Powe -Intercept Pillai's Trace 2954.413 1.000 
Wilks' Lambda 2954.413 1.000 
Hotelling's Trace 2954.413 1.000 
Roy's Largest Root 2954.413 1.000 

TIME Pillai's Trace 22.362 .941 
Wilks' Lambda 22.797 .945 
Hotelling's Trace 23.227 .950 
Roy's Largest Root 22.037 .974 

a. Design: Intercept+ TIME 

b. Computed using alpha = .05 

c. Exact statistic 

,Tests of Batween-Subjects Effocts 

Type III SLIm of 
Source Dependent Variable Squares df Mean Square F Sig. 
Corrected Model ACTIVITY 25670j'9876.382° 4 641769969.095 , 4.566 .002 

BROWNING 1005.000c 4 251 .250 3.805 .005 
Intercept ACTIVITY 7582206005.401 1 7582206005.40 '1 53.940 .000 

BROWNING , '169280.000 1 169280.000 2563 .29~ _ __ .000 
TIME ACTIVITY 2567079876.382 4 641769969.095 4.566 .002 

BROWNING '1005.000 4 251 .250 3.805 .005 
Error ACTIVITY 24599314595.768 175 140567511 .976 

BROWNING 11557.000 '175 66.040 
Total ACTIVITY 34748600477.550 180 

BROWNING 181842.000 180 
Corrected Total ACTIVITY 27166394472.149 179 

BROWNING 12562.000 179 
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Tests of Betw99n·Sllblect~ Effects 

.-
Nom:ent. 

Source DeRendent Variable Parameter ---
Corrected Model ACTIVITY 18.262 

BROWNING 15.2'18 
Intercept ACTIVIN 53.940 

BROWNING 2563.295 
TIME ACTIVITY 18.262 

BROWNING 15.218 
Error ACTIVITY 

BROWNING 
Total ACTIVITY 

BROWNING -
Corrected Total ACTIVITY 

BROWNING 

a. Computed using alpha = .05 

b. R Squared = .094 (Adjusted R Squared = .074) 

c. R Squared = .080 (Adjusted R Squared = .059) 

::stimated Marginal Means 

Grand Mean 

Dependent Variable Mean Std. Error 
ACTIVITY 6490.2517 883.703 
BROWNING 30.67 .606 

Post Hor. Tests 

riME 

Homogeneous Subsets 

ACTIVITY 

Duncana.b 

Subset 
TIME N 1 
12 36 2072.4333 
4 36 5011 .0667 
6 36 5653.9500 
8 36 6235.1250 
2 36 
Sig. .178 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 

a. Uses Harmonic Mean Sample Size = 36.000. 

b. Alpha = .05. 

Observed 
Power" 

.940 

.887 
1.000 
1.000 1--------
.940 

-~ 

.. -
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BROWNING 

l DuncanB
•
b 

Subset 
TIME N 1 2 3 
12 36 27.08 
6 36 29.92 29.92 
4 36 30.58 30.58 30.58 
8 36 31.33 3'1.33 
2 36 34.42 
Sig. .084 .490 .058 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squart:::. 

a. Uses Harmonic Mean Sample Size = 36.000. 

b. Alpha = .05. 
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APPENDIX 2: Physicochemical properties of yam steeped in different PPO 
inhibitors 

Oneway 

Oescrlptives 

-
95% Confidence Interval for 

Mean 

N Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum 
Energy Control 3 27933.00 2.00000 1.15470 27928.0317 27937.9683 27931 .00 

Ascorbic acid 3 17605.00 3.00000 1.73205 17597.5476 17612.4524 17602.00 
Cystein 3 15383.00 4.00000 2.30940 15373.0634 15392.9366 15379.00 
Sodium metabisulphate 3 29058.00 1.00000 .57735 29055.5159 29060.4841 29057.00 
Total 12 22494.75 6334.69832 1828.670 18469.8747 26519.6253 15379.00 

Hydration Control 3 1.7900 .25515 .14731 1.1562 2.4238 1.53 
Ascorbic acid 3 1.5700 .29513 .17039 .8369 2.3031 1.27 
Cystein 3 2.0000 30000 .1732'1 1.2548 2.7452 1.70 
Sodium metabisulphat~ 3 1.i·6:JO .07000 .04041 1.5661 1.9339 1.69 
Total 12 1.7900 .26512 .07653 1.6115 1.9485 1.27 

Moisture Control 
-1-- -

3 6.7500 .25000 .14434 6.1290 , 7.3710 6.50 
Ascorbic acid 3 6.7500 1.25000 .72169 3.6448 9.8552 5.50 
Cystein 3 6.5000 .00000 .00000 6.5000 6.5000 6.50 
Sodium metabisulphate 3 6.250C .25000 .14434 5.6.290 6.8710 6.00 
Total 12 6.5625 .59472 .17168 6.1846 6.9404 5.50 

Swelling Control 3 82.6000 5.40000 3.11769 69.1857 96.0143 77.20 
Ascorbic acid 3 75.3500 1.85000 I 1.06810 70.7543 79.9457 73.50 
Cystein 3 78.6000 1.40000 .80829 75.1222 82.0778 77.20 
Sodium metabisulphate 3 77.7500 4.25000 I ':.45374 67.1924 I 88.3076 73.50 
Total 12 78.5750 41r::S-4 1 1.1 90,<t2 I 8 1.195~ 73.50 • to!. I I 75.9549 

ANOVA 

Sum of 
Squares df Mean Square F Sig. 

Energy Between Groups 4.4E+008 3 147137456.8 2E+007 .000 

Within Groups 60.000 8 7.500 

Total 4.4E+OO8 11 
Hydration Between Groups .279 3 .093 1.505 .286 

Within Groups .494 8 .062 

Total .773 11 

Moisture Between Groups .516 3 .172 .407 .752 

Within Groups 3.375 8 .422 

Total 3.891 11 

Swelling Between Groups 81.847 3 27.282 2.075 .182 

Within Groups 105.210 8 13.151 

Total 187.057 11 
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Maximum 
27935.00 
17608.00 
15387.00 
29059.00 
29059.00 

2.04 
1.86 
2.30 
1.83 
2.30 ----
7.00 
8.00 
6.50 
6.50 
8.00 

88.00 
77.20 
80.00 
62 .00 
88.00 



Moisture 

Duncan
a 

. r"SUbSe, 
, for alpha 

1_' = ~05 
Inhibitor N _.1-. 
Sodium metabisulphate 3 I 6.2500 
Cystein 3 I 6.5000 

Control 3 I 6.7500 

Ascorbic acid 3 I 6.7500 

Sig. I .400 

Means for groups in homogeneous subsots are displayed. 

a. Uses Harmonic Mean Sample Size:: 3.000. 

Swelling 

Duncan
a 

Subset 
for alpha 

= .05 

Inhibitor N 1 
Ascorbic acid 3 75.3500 

Sodium metabisulphate 3 77.7500 

Cystein 3 78.6000 

Control 3 82.6000 

Sig. .051 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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APPENDIX 3: Solubility of yam steeped in different PPO inhibitors at differe~t 
temperatures 

Univariate Analysis of Variam;e 

Between-$ubjects Facto. s. 

lohlbllor -- - ~ .~~ {i::~b~ l~~ ~~: I 
acid 1 I 

Temperature 
(0C) 

3.00 Cystein 12 I 
4.00 Sodium 

60.00 

70.00 

80.00 

90.00 

metabisulphite 12 

147 

12 

12 

12 

12 



APPENDIX 3: Solubility of yam steeped in different PPO inhibitors at different 
tern peratures 

Univariate Analysis of Varian~e 

Between-~ubjects Factors 
--;--'. 

~;hj~t~r ----~ ~:~~~IL~b!!_=~~~ N --1-2-' 

2.00 I As.corbic 12 

I 
aCid 

3.00 Cystein 12 
4.00 Sodium 

metabisulphite 12 

Temperature 60.00 12 
(0C) 70.00 12 

80.00 12 
90.00 12 
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Desc:ril'Uva StatlsticQ 

Dependent Variable: Solubility 

~$~~f -- ---- \ -~--'--_ ~-~-6-c-ra-~CJ~~ {:~f~rl' :-Mle~3+ S'~D~~~~~; j-
70.00 .5200 .52000 

80.00 I ~ OOOO .00000 

90.00 i .0000 I .00000 I 
_______________ To~ __________ 1-----.3883--1- .49~62 ! 
Ascorbic acid 60.00 I 1.0400 _00000 

'70.00 .0000 .00000 

80.00 .0000 .00000 

90.00 .0000 .03000 

Total 
___ ·' __ 4 ________ 

Cystein 60.00 

70.00 

80.00 

90.00 

Total 

Sodium metabisulphite 60.00 

-
Tetal 

70.00 

80.00 

90.00 

Tetal 
--------

60.00 

70.00 

80.00 

90.00 

Tetal 

.2600 

1.0300 

.0000 

.0167 

.0367 

.2708 ,.0567-r 

.0000 

.0000 

.0167 

.2683 
-----

1.0400 

.1300 

.0042 

.0133 

.2969 

Tests of Between-Subjects Effects 

De endent Variable' Solubili 

So.urce 
Cerrected Medel 

Intercept 

Inhibiter 

Temp 

Inhibitor· Temp 

Erro.r 

Tetal 

Co.rrected Tetal 
'-------~ .. 

Type III Sum 
o.f Squares 

9.5678 

4 .230 

.135 

8.954 

.478 

.547 

14.345 

10.114 
i 

df Mean Square 
15 .638 

1 4 .230 

3 .045 

3 2.985 

9 .053 

32 .017 

48 

I I 
47 

* 
a. R Squared = .946 (Adjusted R Squared:: .921) 

Estimated Marginal Means 

148 

.47053 
-
.00000 

.00000 

.01528 

.03512 

.45829 -

.02517 

.00000 

.00000 

.01528 

.47560 

.01537 

.32322 

.00996 

.02605 

.46389 

F 
37 .289 

247.336 

2.623 

174.497 

3.108 

N --I 
3 

Sig. 

3 

3 

3 
12 

3 

3 

3 

3 

12 

3 

3 

3 

3 

12 

3 

3 

3 

3 

12 

12 

12 

12 

12 

48 

.000 

.000 

.067 

.000 

.008 



Grand Mean 

Dependent Variable: Solubility . ......---_ .. 
95% Confidelnce Interv at 

ound 
.335 

Mean Std. Error Lower BOllnd-fl~tm>er B 
.297 . 019 .258 .L . 

Post Hoc Tests 

Inhibitor 

Homogeneous Subsets 

Solubility 

Duncana,b 

Inhibitor 
N F-- ~ -su~-;et - 2 ·-

--.;z-I .2600 I Ascorbic acid 

Sodium metabisulphite 

Cystein 

Control 

Sig. 

12 .2683 

, 12 .2708 

12 .3883 

.850 1.000 
----- -----'-----' 
Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 
The error teml is Mean Square(Error) = .017. 

a. Uses Harmonic Mean Sample Size ::: 12.000. 

b. Alpha = .05. 

Temperature (oC) 

Homogeneous Subsets 

149 



Solub!lity 

Sig. .865 I 1.000 
-_.- ---

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 
The error term is Mean Square (Error) = .017. 

a. Uses Harmonic Mean Sample Size = 12.00G. 

b. Alpha = .05. 

Profile Plots 

I 3 ,---------
1.0400 

1.000 

---------------- 1 

1.00 

0.80 ' 

0.60 ' 

Solubility 

0.40 

0.20 

0.00 -

\ 
\ 

-- -- --T---

aO.DO 

\ 

70.00 ao.oo 
Temperature (0C) 
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I 

90.00 

I 
Inhibitor 

Control 
Ascorbic acid 
Cystein 
Sodium rnetabisulphite 



>Warning # 108 
>The command journal file cannot be opened. 

,>Warning # 1216. Command name: _SET 
, >A file cannot be opened. Probabl~ causes are an attempt to opell a 

>read-only file for output, a directory which is too full, an invalid file 
>specification, the specification of a non-existent disk, etc. 

>The error involves file C:\Program Files\SPSS\SPSS.JNL 

Oneway 

Oescriptives 

N Mean 
SOLUBILITY Inhibitor Control 12 .3883 

Ascorbic acid 12 .2600 
L-Cystein 12 .2708 
Sodium metabisulphite 12 .2683 
Total 48 .2969 

Std. Deviation Std. Error 
.4996 .1442 
.4705 .1358 
.4583 .1323 

I .4756 .1373 
.4639 6.696E-02 
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escrlptivGs 

J ~-------------- 95% Confidence Interval for 
Mean -._-

~~~~~~~. __ ~~~~__________ +_~L ower Bound Upper Bound 
SOLUBILr Inhibitor Control 

Ascorbic acid 
L-Cystein 
Sodium metabisulphite 
Total 

ANOVA 

Sum of 
Squares 

SOLUBILll'1 Between Groups .135 
Within Groups 9.980 
Total 10.114 

Post Hoc Tests 

Homogeneous Subsets 

SOLUBILli''( 

Duncana 

Subset for 
aloha = .05 

Inhibitor N • I 

Ascorbic acid 12 .2600 
Sodium metabisulphite 12 .2683 
L-Cystein 12 .2708 
Control 12 .3883 , 
Sig . .554 

-7.089E-02 
-3 .8961E-02 
-2.0348E-02 
-3.3850E-02 

.1622 

df Mean Square 
3 4.487E-02 

44 .227 
47 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 12.000 

.7058 

.5590 

.5620 

.5705 

.4316 

F 
.198 
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I 
Minimum Maximum 

.00 1.04 
-.03 1.04 
.00 1.03 
.00 1.08 

-.03 1.08 

Sig. 
.897 
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pneway 

Oescriptives 

95% Confidence interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Upper Bound 
SOLUBILITY TEMP 60 12 1.0400 1.537E-02 4.438E-03 1.0302 1.0498 

70 12 .1300 .3232 9.331E-02 -7. 5366E-02 .3354 
80 12 4.167E·03 9.962E-03 2.876E-03 -2.1629E-03 1.050E-02 
90 12 1.333E-02 2.605E·02 7.521E-03 -3.2203E-03 2.989E-02 
Total 48 .2969 .4639 6.696E-02 .1622 .4316 
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Descriptives 

Minimum Maxi'!!!I!!l... 
SOLUBILITY TEMP 60- 1.03 "1.08 

70 .00 1.04 
80 .00 .03 
90 -.03 .07 
Tota! -.03 1 . 08~_ 

ANOVA 

Sum of 
Squares df 

SOLUBILITy Between Groups 8.954 3 
Within Groups 1.1 60 44 
Total 10.114 47' 

, Dost Hoc Tests 

• . ~ omogeneous Subsets 

SOLUBILITy 

Duncana 

Subset for 
alpha = .05 

TEMP N 1 
80 12 4.167E-03 
90 12 1.333E-02 
70 12 .1300 
60 12 
Sig. .079 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 12.000 

Mean Sauare 
2.985 

2.637E-02 

F SiQ. 
113.175 .000 
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APPENDIX 4: Organoleptic e\'aluation of yam flour meal (amala) steeped in 
different PPO inhibitors 

General Linear Model 

Between-SubJects Factors 
._---

Value Label f\~_ 
Inhibitor 1.00 Control 10 

2.00 Ascorbic 
10 

acid 

3.00 Cystein 10 
4.00 Sodium 

metabisulp 10 
hate 

Descriptive Stat istics 
-

Inhibitor Mean Std. Deviation N 
Taste Control 2.8000 1.03280 10 

Ascorbic acid 3.7000 1.41814 10 
Cystein 3.2000 1.13529 10 
Sodium metabisulphate 2.9000 .87560 10 
Total 3.1500 1.14466 40 

Colour Control 2.8000 1.03280 10 
Ascorbic acid 3.4000 2.01108 10 
Cystein 2.6000 .51640 10 
Sodium metabisulphate 1.6000 .69921 10 
Total 2.6000 1.33589 40 

Texture Control 2.9000 .87560 10 

Ascorbic acid 3.0000 1.05409 10 
Cystein 2.9000 .99443 10 
Sodium metabisulphate 2.9000 .87560 10 
Total 2.9250 .91672 40 

Flavour Control 3.3000 .48305 10 

Ascorbic acid 3.6000 .69921 10 

Cystein 3.7COO .67495 10 

Sodium metabisulphate 3.5000 .52705 10 

Total 3.5250 .59861 40 
----

Acceptability Control 2.3000 1.15950 10 
Ascorbic acid 2.9000 1.85293 10 
Cystein . 2.9000 .99443 10 

Sodium rnetabisulphate 1.5000 )07'11 'fO 

Total 2.4000 1.33589 40 -
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Multivariate Te!>t!f 

Effect Value F Hypothesis df Error df Sig. 
Intercept Pillai's Trace .984 386.6218 5.000 32.000 .000 

Wilks' Lambda .016 386.621 8 5.000 32.000 .000 
Hotelling's Trace 60.409 386.621a 5.000 32.000 .000 
Roy's Largest Root 60.409 386.62 '18 5.000 32.000 .000 ._-

Inhibitor Pillai's Trace .438 1.164 15.000 102.000 .312 

Wilks' Lambda .611 1.157 15.000 88.739 .320 

Hotellillg's Trace .560 '1.145 15.000 92.000 .329 
Roy's Largest Root .385 2.617b 5.000 34.000 . .042 

a. Exact statistic 

b. The statistic is an upper bound on F that yields a lower bound on the significance level. 

c. Design: Intercept+lnhibitor 
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Tests of Between-Subjects Effects 
-

Type III Sum 
Source Dependent Variable - _~f Squares df Mean Square F Sig . 
Corrected Model Taste I 4.9009 3 1.633 1.273 .298 

Coloui 16.800b 3 5.600 3.818 .018 
Texture .07Se 3 .025 .028 .994 
Flavour .875c1 3 .292 .802 .501 
Acceptability 13.200e 3 4.400 2.809 .053 ----- -. ---

Intercept Taste 396.900 1 396.900 309.273 .000 
Colour 270.400 1 270.400 184.364 .000 . 
Texture 342.225 1 342.225 376.761 .000 

Flavour 497.025 1 497.025 1365.870 .000 

Acceptability 230.400 1 230.400 147.064 .000 

Inhibitor Taste 4.900 3 1.633 1.273 .298 

Coiour 16.800, 3 5.600 3.818 .018 

Texture .075 3 .025 .028 .994 
Flavour .875 3 .292 .802 .501 
Acceptability 13.200 3 4.400 2.899 .053 

Error Taste 46.200 36 1.283 
Colour 52.800 36 1.467 
Texture 32.700 36 .908 
Flavour '13.100 36 .364 
Acceptability 56.400 I :36 1.567 

Total Taste 448.000 40 
Colour 340.000 40 
Texture 375.000 40 
Flavour 511 .000 40 
Acceptability 300.000 40 

Corrected Total Taste 51 .100 39 
Colour 69.600 39 
Te)(ture 32.775 39 

Flavour 13.9'75 39 

Acceptability 69.600 39 

a. R Squared = .096 (Adjusted R Squared = .021) 

b. R Squared = .241 (Adjusted R Squ'ared = .178) 

c. R Squared = .002 (Adjusted R Squared = -.081) 

d. R Squared = .063 (Adjusted R Squared:: -.016) 

e. R Squared = .190 (Adjusted R Squared = .122) 

Estimated Marginal Means 
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Grand NIt,an 

Dependent Variable Mean 

'-~-l=;_J!~~~_QcnfideDce Interv..?y 

Std, Error I Low\~; Hound] U er Bound 
----~17'9 2.787r 3,513 Taste 

Colour 

Texture 

Flavour 

Acceptability 

3 150 

2.600 ,191 2.212 2.988 

2.619 

3.332 
1,999 

3231 

3.718 

2.801 

2,925 .151 

3.525 L .095 
2.400 .188 '--______ ---"'--____ . • ____ "--____ --J. _____ ..... 

Post Hoc Tests 

Inhibitor 

Homogeneous Subsets 

Taste 

Duncan8 ,b ,C 

Subset -
Inhibitor N 1 
Control 10 2.8000 

Sodium metabisulphate 10 2,9000 

Cystein 10 3.2000 

Ascorbic acid 10 3.7000 

Sig. I .113 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 
The error term is Mean Square(Error) = 1.283 , 

a. Uses Harmonic Mean Sample Size ::: 10.000. 
, 

b. The group sizes are unequal. The harmonic mean 
of the group sizes is used, Type I error levels are 
not guaranteed. 

c. Alpha = .05. 
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Colour 

Duncan 8 ,b,c 

-:r- Subset 

~ln;.;..h;;.;;ib~it..;..or~...,-.,...,-.......,.....,.._",-~N:"::"-'_10_ 11 ·· -- ·-11.6~ -oTo -2 -
Sodium metabisulphate r ~ rr 
Cystein 10 2.6000 2.6000 

Control 10 2.8000 

Ascorbic acid 

Sig. 

10 

.073 

3.4000 

.172 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Sum of Squares 
The error term is Mean Square(Error) = 1.467. 

a. Uses Harmonic Mean Sample Size:: 10.000. 

b. The group sizes are unequal. Thg harmonic mean of 
the group sizes is used. Type I error levels are not 
guaranteed. 

c. Alpha = .05. 

Texture 

Duncan 8 ,b,c 

Subset 

Inhibitor N 1 
" Control '10 I 2.9000 

Cystein 10 2.9000 

Sodium metabisulphate 10 2.9000 

Ascorbic acid 10 3.0000 

Sig. .833 --
Means for groups in homogeneous subsets are displayed. 
Based on Type iii Sum of Squares 
The error term is Mean Square(Error) :: .908. 

a. Uses Harmcr.;;: Mean Sample Size::: 10.000. 

b. The group sizes are unequal. The harmonic mean 
of the group sizes is used. Type I error levels are 
not guaranteed. 

c. Alpha = .05. 
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Flavour 

DuncanD,b,c 

Inhibitor 
Control 

Sodium metabisulphate 

Ascorbic acid 

Cystein 

Sig. 

r~-§Y~L 
10 3.3000 

10 3.S0CO 

10 3.6000 

10 3.7000 

.185 

Means for groups in homogeneous subsE!ls are displayed. 
Based on Type III ~:.:m of Squares 
The error term is Mean Square(Error) ~ .364. 

a. Uses Harmonic Mean Sample Size =: '10.000. 

b. The group sizes are unequal. The harmonic mean 
of the group sizes is used. Type I error levels are 
not guaranteed. 

c. Alpha = .05. 

Acceptability 

DuncanB,b,C 

Subset -----
Inhibitor N 
Sodium metabisulphate 10 1.5000 

2 

Control 10 2.3000 2.3000 
Ascorbic acid 10 2.9000 
Cystein 10 2.9000 
Sig, .162 

Means for groups in homogeneous subsets are displayed. 
Based on Type III Slim of Squares 
The error term is Mean Square(Error) = 1.567. 

a. Uses Harmonic Mean Sample Size:.: 10.000. 

b. The group sizes are unequal. The harmonic mean of 
the group sizes is used. Type I error levels are not 
guaranteed. 

c. Alpha = .05. 
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