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ABSTRACT

The average intake of vegetables in Ireland falls below the recommendations of Bord
Glas and FSAI. Carrots are the third most consumed vegetable in Ireland and they are
an excellent source of vitamins A and B as well as phytochemicals. Lactic acid
bacteria (LAB) are well-known in food for their benefits such as improvement of the
nutritional value of food and improvement of the digestion of lactose. Vegetable
consumption could be enhanced by promoting a novel snack fermented carrot product
that would provide the healthy benefits of vegetables coupled with the benefits of the
probiotic lactic acid bacteria. Two varieties of carrots, Amsterdam (baby carrots) and
Nantes half-long were chosen for this study due to their availability throughout the
year. Carrot sticks (90 mm x 5 mm x 5 mm) were produced to standardize and reduce
the heterogeneity of the raw material. The initial levels of total viable counts on
Amsterdam carrots were established at 2.0x10° cfu/g. Blanching treatments of a
minimum of 40 seconds were required to inactivate the initial microbiological load.
There were no significant differences (p<0.05) in the carrot texture after 40 seconds of
blanching. A carrot juice broth (CJB) was prepared in which the growth of a mixed
culture of L. plantarum and L. brevis was not significantly different (p<0.05) to the
MRS broth after 48 hours of fermentation. Fermentation studies of vacuum-packed
carrot sticks were carried out analysing the effect of 2 factors: pH and LAB load (log
cfu/g) and 4 variables: dipping time meaning the period of time that carrot sticks were
immersed in the CJB inoculated with LAB at different concentrations (1/2/4 hours),
initial LAB concentration of CJB (106/ 1077108 cfu/g), storage temperature (4/10/25°C)
and storage time (0/1/7/14 days). ANOVA and variable interactions studies concluded
that conditions such as dipping time of 1 hour, storage temperature of 25°C and storage
time of 7 days were optimal for fermented carrot sticks production. A preliminary
sensory analysis found no significant differences between fermented carrot sticks (1
day) and unfermented carrot sticks (raw and blanched) in terms of brightness, orange
colour and the overall visual quality implying its acceptability by the panel. This study
proved that carrot sticks may be fermented by lactic acid bacteria in vacuum

conditions.
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CHAPTER ONE

Introduction



1. Introduction

As a food group, vegetables are low fat and highly nutritious because they contain a
variety of vitamins such as A, B; (thiamine), B3 (niacin), B¢ (pyridoxine), C (ascorbic
acid) and E (a-tocopherol) (Quebedeaux and Bliss, 1988; Quebedeaux and Eisa, 1990),
and minerals such as magnesium (Mg), iron (Fe), calcium (Ca), potassium (K),

manganese (Mn), zinc (Zn), and phosphorus (P) (Decuypere, 2005).

Some components of vegetables are strong antioxidants such as selenium, flavonoids,
carotenoids and vitamins C and E and function to modify the metabolic activation and
detoxification of carcinogens (Wargovich, 2000). Consequently, diets rich in
vegetables are associated with the reduced risk of many chronic diseases (Farley,
1996) and the consumption of vegetables have been strongly associated with reduced

risk to some forms of cancer, heart disease and stroke (Prior and Cao, 2000).

Fibre plays a very important role in the human diet as it provides a variety of health
benefits (Sudha et al., 2006). It is beneficial for many health conditions, such as
constipation, haemorrhoids, appendicitis, diverculitis, colon cancer and diabetes (Van
Duyn and Pivonka, 2000). It prevents compaction of the intestinal contents and
stimulates the gastrointestinal tract muscles. In particular, soluble fibre is known for its
hypocholesterolemic effect and insoluble fibre is known for reduction in the risk of

colon cancer (Farley, 1996).

Because of their inherent health benefits, recommendations to consume more fruits and
vegetables are included in the dietary guidelines of many countries. A major initiative
of Food Dudes or 5 A Day program (Produce for Better Health Foundation, 2005)
advises each person to eat five or more servings of fruits and vegetables each day.
However, fruit and vegetable intake usually falls below these recommendations (Satia
et al., 2002). It may be more challenging to increase vegetable intake rather than fruit
intake as fruits require less preparation and, usually, have a sweeter taste. Further, high

consumption of convenience products, pre-packed and ready-to-eat products



contributes to the low intake of fruits and vegetables. The programme 5-a-Day
challenges individuals, families, schools, and communities to increase fruit and
vegetables consumption to reduce risk of disease and achieve good health. Examples
of the components of fruits and vegetables that have positive effects on human health

and their important sources are shown in Table 1.1.

Table 1.1. Constituents of fruits and vegetables that have a positive impact on human
health and their sources.

Constituent Sources Human diseases Impact

Broccoli, cabbage, cantaloupe, citrus fruits, guava,
Vitamin C kiwifruit, leafy greens, pepper, pineapple, potato,

strawberry, tomato

Dark-green vegetables (collards, spinach, and turnip

greens), orange vegetables, (carrots, pumpkin, and sweet Cancer, cataracts, heart disease,

Vitamin A potato), orange-flesh fruits (apricot, cantaloupe, mango, stroke
nectarine, orange, papaya, peach, persimmon, and

pineapple), tomato

) ) Nuts (almonds, cashew nuts, filberts, macadamias,
Vitamin E . i
pecans, pistachios, and walnuts)

Most fresh fruits and vegetables, nuts cooked dry beans
Fiber Diabetes , heart disease
and peas

Dark-green leafy vegetables (spinach mustard greens,
Birth defects, cancer, heart
Folate and romaine lettuce), legumes (cooked dry beans and
disease
peas, green peas), oranges

Baked potato or sweet potato, banana & plantain, cooked
Potassium dry beans, cooked greens, dried fruits (apricot and Hypertension, stroke

prune), winter (orange) squash

(Source: Produce for Better Health Foundation, 2005 & USDA 2005b).



Efforts to encourage higher vegetable and fruit consumption may be more successful if
programmes to promote healthful lifestyles and also, factors such as levels of physical

activity and fat intake are incorporated in the general population (Kristal et al., 2000).

1.1 Vegetables in Ireland and in the Irish diet

Ireland has a temperate climate which influences the types of crops grown as well as
the pattern of demand for vegetable lines. Traditionally, brassicas and root crops
tended to be the main staple produce items consumed in colder/winter weather whereas
salad vegetables came into their own in the warmer summer months (Bord Glas,
2003b). However, more recently there has been increased demand for salad vegetables
all the year round in line with healthy eating trends and mainland Continental

European culinary influences.

According to the last census reported edited in 2003 (Field vegetables census) by Bord
Bia, Dublin is the most important county involved in the production of field vegetables
with 32% of all growers accounting for 41% of the total production area and 50% of
the total farmgate value. Leinster, in general, tends to dominate the sector with six of

the top seven field vegetable producing counties.

Cabbage and carrots are the two most important crops in terms of both production area
and farmgate value. In 2002, 918 hectares of cabbage were grown (Figure 1.1), with an
estimated farmgate value of €7.6 million (Figure 1.2). Approximately 694 hectares of
carrots were grown with an estimated farmgate value of €8.2 million (Bord Glas,

2003a).
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Figure 1.1. Production area (ha) of the most important field vegetables in Ireland 1999
& 2002 (Source: Bord Glas, 2003a)
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Figure 1.2. Production value (10° Euro) of most important field vegetables in Ireland
1999 & 2002 (Source: Bord Glas, 2003a)

The importance of vegetables in the Irish diet was highlighted in the last available
survey published North/South Ireland Food Consumption Survey in 2000 (Table 1.2).
The average intake of vegetables (in either their fresh or processed form) is 122g per
person (Table 1.2) per day across the island. Only 57% of the population consume
vegetables (in either their fresh or processed form) on a daily basis (Table 1.2).
Although contributing only 4% to daily energy intake, vegetables were found to
contribute 16% of daily dietary fibre intake.



Table 1.2. Vegetable Consumption in Ireland on a daily basis

Mean grammes / % Consumption

person population / day
Vegetable & Pulse Dishes 17 50
Peas, Beans & Lentils 23 75
Green Vegetables 14 63
Carrots 15 66
Salad Vegetables 24 76
Other Vegetables 25 85
Tinned or Jarred Vegetables 3 23
Nuts & Seeds, Herbs & Spices 1 18
Mean 122 57

(Source: North/South Ireland Food Consumption Survey, Irish Universities Nutrition Alliance, 2000)

Vegetables have been a main component of traditional Irish cooking and recipe dishes
for centuries. Vegetables and potatoes (and other carbohydrate-rich food such as pasta
and rice) are consumed as the main component of everyday meals. Their versatility,
taste and texture allow them to be used in a variety of different ways in a multitude of
dishes. Vegetables are consumed all the year round, prepared hot or eaten in their raw
state and are valued principally as a major source of dietary fibre (Bord Glas, 2003b).
In particular, carrots are the 3™ most consumed vegetable after a group of other
vegetables, salad vegetables and peas, beans and lentils. Carrot characteristics such as
colour, shape and continuous availability in the Irish market make them an attractive
and potential key-vegetable that could be used to enhance the Irish vegetables

consumption.



1.2 Carrot anatomy and composition

Carrot (Daucus carota) is a root vegetable described as an edible, reddish yellow and
fusiform root (Llorca, 2001). Like other thick fleshy roots, carrot originates from
secondary growth of the merismatic tissue or cambium which forms the xylem (inner
portion) and phloem (outer portion). It is a vegetable widely cultivated in Ireland and
from a nutritional point of view the carrot is an excellent source of vitamins and
minerals. It contains about 85-90% water and it is an excellent source of vitamins B
and C as well as calcium pectate, an extraordinary pectin fibre that has been found to
have cholesterol-lowering properties (USDA Nutrient Data Base, 2005a). Carrots also
contain, in smaller amounts, essential oils, carbohydrates and nitrogenous composites.
They are well-known for their sweetening, antianaemic, healing, diuretic,

remineralizing and sedative properties (McKevith, 2005).

The three most important elements found in carrots are B-carotene, vitamin A, and
phytochemicals. B-carotene usually receives most attention when examining carrots
and also, the high level of beta-carotene is very important because it gives carrots their
distinctive orange colour. It is one of about 500 similar compounds called carotenoids,
which are present in many fruits and vegetables. The body changes B-carotene into
vitamin A, which is important in strengthening the mucous membranes, bones, teeth,
vision and reproduction (Llorca, 2001), the immune system, immune skin protection,
lungs and intestinal track and promoting healthy cell growth (Montafio et al., 1997).
Vitamin A is a pale yellow primary alcohol derived from carotene. In addition, dietary
vitamin A, in the form of B-carotene, an antioxidant, may help reduce the risk of
certain cancers. However, B-carotene is much more than the precursor for vitamin A.
Not all B-carotene content is converted to vitamin A, the unchanged portion contributes
to boosting the immune system and is also a potent antioxidant. Raw carrots are an
excellent source of vitamin A and potassium; they contain vitamin C, vitamin B6,
thiamine, folic acid, and magnesium (Table 1.3). Cooked carrots are an excellent
source of vitamin A, a good source of potassium, and contain vitamin B6, copper, folic

acid, and magnesium (Table 1.3).



Table 1.3. Nutrient content in 100 g of carrots

Nutrients Units Raw carrots COOke((lwci?hI:l‘::t;fl tc)l rained
Water g 88.29 90.17
Energy kcal 41 35
Protein g 0.93 0.76
Total lipid (fat) g 0.24 0.18
Carbohydrate g 9.58 8.22
Fiber, total dietary g 2.8 3
Minerals
Calcium, Ca mg 33 30
Iron, Fe mg 0.3 0.34
Magnesium, Mg mg 12 10
Phosphorus, P mg 35 30
Potassium, K mg 320 235
Sodium, Na mg 69 58
Zinc, Zn mg 0.24 0.20
Copper, Cu mg 0.045 0.017
Manganese, Mn mg 0.143 0.7155
Selenium, Se mcg 0.1 0.7
Vitamins
Vitamin C mg 5.9 3,6
B-1 (thiamin) mg 0.066 0.066
B-2 (riboflavin) mg 0.058 0.044
B-3 (niacin) mg 0.983 0.645
B-5 (pantothenic acid) mg 0.273 0.232
B-6 (pyridoxine) mg 0.138 0.153
Folate, total mcg 19 14
Vitamin A, TU LU *! 16811 17202
Vitamin E (a-tocoferol) mg 0.66 1.03
Vitamin K (phylloquinone) mcg 13.2 13.7

"nternational units (Source: USDA Nutrient Database, 2005a)

Exposure to sunlight, cigarette smoke and air pollution, along with body's every day
cellular activities, cause free radicals to form (Montafio et al., 1997). Antioxidants

fight free radicals and help prevent them from causing membrane damage, DNA



mutation, and lipid (fat) oxidation, all of which may lead to many of the diseases that
are considered "degenerative." It is free radical havoc that is believed to be pivotal in
the development of age related degenerative diseases such as cancer,
cataracts, arthritis, heart disease and even asthma (Ong and Chytil, 1983). It is highly
recommended that vitamin A be consumed in the diet rather than from supplements
(particularly in the case of B-carotene), because vitamin A obtained from a varied diet
offers the maximal potential of health benefits that supplements cannot (USDA,
2005b).

Vitamin A is found in a variety of dark green and deep orange fruits and vegetables,
such as carrots, sweet potatoes, pumpkin, spinach, butternut squash, turnip greens,
mustard greens and lettuce (Montafio et al., 1997). B-carotene is the most active
carotenoid (the red, orange, and yellow pigments) form of vitamin A, but it is
inefficiently absorbed and converted to retinol as compared to vitamin A from animal

sources.

Phytochemicals which are found in vegetables, fruits and nuts, may reduce the risk of
cancer, strokes, hinder the ageing process, balance hormonal metabolism and have
antiviral and antibacterial properties (Ong and Chytil, 1983). A phytochemical is a
natural bioactive compound found in plant foods that works with nutrients and dietary
fibre to protect against disease (Prakash er al, 2004). Research suggests that
phytochemicals, working together with nutrients found in fruits, vegetables and nuts,
may help slow the ageing process and reduce the risk of many diseases, including
cancer, heart disease, stroke, high blood pressure, cataracts, osteoporosis and urinary
tract infections (Llorca, 2001). They can have complementary and overlapping
mechanisms of action in the body, including antioxidant effects, modulation of
detoxification enzymes, stimulation of the immune system, modulation of hormone

metabolism, and antibacterial and antiviral effects.



Many phytochemicals are thought to be destroyed or removed by modern food
processing techniques, possibly including cooking. For this reason, it is believed that
industrially processed foods are less beneficial (contain fewer phytochemicals) than
unprocessed foods. The absence or deficiency of phytochemicals is also, believed to
have contributed to the increased prevalence of the previously mentioned preventable

or treatable causes of death in contemporary society (Prakash et al., 2004).

1.3 Fermented Vegetables: History and uses

Fermentation is one of the oldest forms of food preservation technologies in the world
(Battcock and Azam-Ali, 1998). Fermented vegetable products have been used for a
long time (Lee, 1994). There is reliable information that fermented drinks were being
produced over 7,000 years ago in Babylon (now Iraq) 5,000 years ago, in Egypt 3,500
years ago in Mexico and in Sudan (Dirar, 1993). Indigenous fermented foods such as
bread, cheese and wine, have been prepared and consumed for thousands of years and
are linked to culture and tradition, especially in rural households and village
communities. Bread-making probably originated in Egypt over 3,500 years ago
(Sugihara, 1985) and fermentation of milk started in many places with evidence of

fermented products in use in Babylon over 5,000 years ago (Yokotsuka, 1985).

However, the scientific understanding of fermentation microbiology and biotechnology
only began in the 1850s, after Louis Pasteur succeeded in isolating two different
alcohol components (L and D amyl alcohol). In 1857, Pasteur published the results of
his studies on fermentation which marked the birth of fermentation microbiology,
which later on would be called biotechnology, as a new discipline (El-Mansi and

Bryce, 1999).
Fermentation can be defined as a relatively efficient, low energy preservation process

which increases the shelf life and decreases the need for refrigeration or other form of

food preservation technology (Battcock and Azam-Ali, 1998). It is therefore a highly
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appropriate technique for use in developing countries and remote areas where the
process developed in the first place. Fermented foods are popular throughout the world
and in some regions make a significant contribution to the diet of millions of
individuals. Fermentation is the "slow decomposition process of organic substances
induced by micro-organisms, or by complex nitrogenous substances (enzymes) of
plant or animal origin" (Walker, 1998). It can be described as a biochemical change,
which is brought about by the anaerobic or partially anaerobic oxidation of
carbohydrates by either micro-organisms or enzymes. This is distinct from
putrefaction, which is the degradation of protein materials (Battcock and Azam-Ali,
1998). The changes caused by fermentation can be both beneficial and harmful.
Fermentation is initiated by the action of micro-organisms which occur naturally and is
often part of the process of decay, especially in fruits and vegetables. However,
fermentation can be controlled to give beneficial results. A balanced microbial growth
during the fermentation is required to achieve the optimum fermentation. An excess
overgrowth during the fermentation could produce instable conditions such as low pH

and production of undesirable products such biogenic amines (Lonvaud-Funel, 2001).

Most, if not all vegetables, may be pickled in acetic acid or more commonly known as
brine. The most important products produced entirely or in part by fermentation are
pickles, sauerkraut and olives, although lesser quantities of other vegetables are, also
fermented such as carrots, cauliflower, celery, onions, sweet and hot peppers and
tomatoes (Wood, 1992). Traditionally, vegetables are immersed in acetic acid (pickling
process) which is inoculated with a certain concentration of the bacteria, generally,
lactic acid bacteria (10°-10° cfu/ml) for a period of time that depends on the product
(from days to several months). Generally, the fermentation takes place in the dark with
an optimum temperature range of 15-25°C. During this period of time, fermentation
takes place changing the characteristics of the vegetables (colour, aroma, flavour, and
texture) and producing a new product different from the original one. Probably, the
most famous and well-known product that uses the technique described above is

sauerkraut. Sauerkraut is produced by immersing finely sliced cabbage in a container
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of brine containing salt (1-3%) and 10%-10° cfu/ml of lactic acid bacteria (Kalac et al.,
2000). Traditionally, the container is a stoneware crock and the seal is created with a
piece of wet linen cloth, a board, and a heavy stone. This arrangement is not fully
airtight and will lead to spoiled sauerkraut unless the surface of the brine is skimmed
daily to remove molds and other aerobic contaminants that grow on the surface where
there is contact with air. When this trough is filled with water the result is an airtight
seal. Fully cured sauerkraut keeps for several months in an airtight container stored at
or below 15°C. Temperature control is critical, because spoilage leading to food

poisoning can occur if the fermentation temperature is too high (Viander et al., 2003).

The production of different compounds during the fermentation, such as lactic acid and
acetic acid by lactic acid bacteria is effective at preventing the growth of most
pathogenic food microorganisms (Lee, 1994). The main types of microorganisms used
include lactic acid bacteria such as Lactobaccillus spp. (L. plantarum, L.

mesenteroides and L. brevis) and Pediococcus cerevisiae.

1.4 Lactic Acid Bacteria — their uses in food

Lactic acid bacteria (LAB) are a group of gram positive bacteria, anaerobic and
aerobic bacteria, non-spore forming, cocci or rods, which produce lactic acid as the
major end product of the fermentation of carbohydrates (El-Mansi and Bryce, 1999).
They are the most important bacteria in desirable food fermentations, being
responsible for the fermentation of sour dough bread, sorghum beer, all fermented
milks and most fermented vegetables. Historically, bacteria from the genera
Lactobacillus, Leuconostoc, Pediococcus and Streptococcus are the main species
involved although several more have been identified, but play a minor role in lactic
fermentations (Wood, 1992). They have been used to ferment or culture foods for at

least 4,000 years (EUFIC, 2000).
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Lactic acid bacteria carry out their reactions - the conversion of carbohydrate to lactic
acid, carbon dioxide and other organic acids - without the need for oxygen (Renault,
2002). Some of the strains are homofermentative; they predominantly produce lactic
acid, while others are heterofermentative and produce lactic acid and other volatile
compounds and small amounts of alcohol (Beasley, 2004). All species of lactic acid
bacteria have their own particular reactions and niches, but overall, homofermentative
bacteria produces high acidity in vegetable fermentations and play the major role. The
lactic acid produced by the lactic acid bacteria is effective in inhibiting the growth of

other bacteria.

The diversity of lactic acid bacteria makes them very adaptable to a range of
conditions and is largely responsible for their success in food fermentations. The

principal genera of the lactic acid bacteria are described in Table 1.4.

Table 1.4. Principal genera of the lactic acid bacteria used in food fermentations

Genus Cell Morphology Fermentation
Lactococcus cocci in chains homo
Leuconostoc cocci hetero
Pedioccoccus cocci homo
Lactobacillus rods homo / hetero

Streptococcus’ cocci in chains homo

* S. thermophilus
(Source: Adams and Moss, 2000)

1.4.1 Lactic Acid Fermentation

Lactic acid fermentation is the process by which the lactic acid bacteria are able to
obtain energy through the breakdown of glucose and other simple sugar molecules
without requiring oxygen. Figure 1.3 illustrates the degradation of a glucose molecule
produced by lactic acid fermentation. There are two pathways depending on the
bacteria that produce the lactic acid fermentation: homofermentation or

heterofermentation. In general terms, the interest is focused on the facultative
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heterofermentative strains such as L. plantarum, L. casei and L. sake because of their
production of acetate (acetic acid). As a result, the pH decreases and also, inhibits
undesirable bacterial growth. Obligate heterofermentative strains such as L. brevis, L.
Jermentum and L. kefir are used in different food fermentations such as kefir, kimchi or
some other cereals where pH conditions and undesirable growth are not factors in the

final product (Lee, 1994).

Glucose
Fru-1 6P — T Guusp
v
Aldolase EP-Gluconate
——
v
Hylulose-5F + COs
v
v
Triose-3P Triose-3F +  Acetyl-P
2TF 20F
<E&TP (ﬁTP)
w
Fyruvate Fyruvate
L 3
Lactate Lactate Acetate (Ethanol)
Glycolysis 6P -Gluconate pathway

Phosphoketolase pathway

Figure 1.3. The two pathways of lactic acid fermentation (Source: Adams & Moss, 2000)

1.4.1.1. Conditions that influence the lactic acid fermentation
There are important factors that have a relevant effect during the lactic acid
fermentation. They are responsible jointly with the lactic acid bacteria strain for the

changes produced during the fermentation.
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1.4.1.1.1. Temperature

Different bacteria can tolerate different temperatures, which provide enormous scope
for a range of fermentations (Wood, 1992). While most bacteria have a temperature
optimum of between 20 to 30°C, there are some (thermophiles) which prefer higher
temperatures (50 to 55°C) and those with colder temperature optima (15 to 20°C). Most
lactic acid bacteria work best at temperatures of 18 to 22°C. The Leuconostoc sp.
which initiate fermentation of some products (e.g. sour cream) have an optimum of 18
to 22°C. Temperatures above 22°C, favour the Lactobacillus species (El-Mansi and

Bryce, 1999).

1.4.1.1.2. Salt concentration

Lactic acid bacteria tolerate high salt concentrations (Viander et al, 2003). Salt
tolerance gives them an advantage over other less tolerant species and allows the lactic
acid bacteria to begin their metabolism, thus producing acid, which further inhibits the
growth of non-desirable organisms. Leuconostoc sp. is noted for its high salt tolerance
and for this reason, initiates the majority of vegetable fermentations (e.g. kimchi —

Korean fermented cereal and cabbage)

1.4.1.1.3. Water activity

Lactic acid bacteria require a fairly high water activity (0.9 or higher) to survive
(Fajardo-Lira et al, 1997). There are a few species, some LAB (e.g. L. curvatus or L.
danicus) that can tolerate water activities lower than this, but usually yeasts and fungi

predominate on foods with a lower water activity.

1.4.1.1.4. Hydrogen ion concentration (pH)

The optimum pH for most bacteria is near the neutral point (pH 7.0). Certain bacteria
are acid tolerant and will survive at reduced pH levels (Wood, 1992). Notable acid-
tolerant bacteria include the Lactobacillus and Streptococcus species, which play a role

in the fermentation of dairy and vegetable products.
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apl 50 CHL Medium

074860 - GE - 2001/06

INSTRUCTIONS FOR USE

Specimens and bacterial cultures should be considered
infectious and handled appropriately by trained and
competent technicians.

Aseptic technigue and usual handling precautions for the
bacterial group studied should be observed throughout
this procedure ; refer to Universal Precautions (NCCLS
M29-T2, Protection of Laboratory Workers from Infectious
Diseases Transmitted by Blood, Body Fluids, and Tissue -
2nd Edition; Tentative Guidelines).

For additional handling precautions, refer o Biosafety in
Microbiological and Biomedical Laboratories, HHS
Publication No. (CDC) 93-8395, 3rd Edition (May 1993),
or to the regulations of each country.

Selection of the colonies

+ Check the purity of the strain.

¢ Culture it on MRS agar medium, and incubate
anaerobically for 24 hours at 30 or 37°C. The tempe-
rature of incubation depends on the origin of the strain.

+ Check that it belongs to the group of lactic bacteria :
Gram (+), calalase (-), non-sporeforming, anaerobic
(facultative or occasionally obligate) rods, which grow on
MRS agar.

+ If stock cultures (freeze dried or on slopes) are used,
subculture twice in MRS broth before isolation on
MRS agar medium.

Preparation of the strip
See the API 50 CH package inser.

Preparation of the inoculum

+ Ifthe Densitometer is used :

- Open an ampoule of APl 50 CHL Medium as indicated
in the paragraph "™Warnings and Precautions”
(ampoule with no dropper-cap).

- Pick up several idenlical colonies and obtain a
suspension with a turbidity equivalent to 2 McFarland
in the ampoule of APl 50 CHL Medium.

+ Ifthe Densitometer is not used :

- Open an ampoule of Suspension Medium (2 ml) as
indicated in the paragraph "Warnings and
Precautions" (ampoule with no dropper-cap) or use
any tube containing sterile distilled water without
additives.

Pick up all the bacteria of the culture using a swab and
make a heavy suspension (S) in the ampoule.

Open an ampoule of Suspension Medium (5 ml) as
indicated in the paragraph "Warnings and
Precautions" (ampoule with no dropper-cap), and
oblain a suspension with a turbidity equivalent to
2 McFarland by transferring a certain number of
drops : record this number (n).

Open an ampoule of APl 50 CHL Medium as indicated
in the paragraph "™Warnings and Precautions”
(ampoule with no dropper-cap) and inoculate by
adding twice the number of drops of suspension
S (i.e. 2n).

+ Homogenize.

Inoculation of the strip

+ Fill the tubes (not the cupules) with the inoculated
APl 50 CHL Medium, and overlay all of the tests with
mineral oil.

+ Incubate aerobically at 30 or 37°C, for 48 hours.

Reading the strip

(see the APl 50 CH package insert).

+ Read after 24 and 48 hours of incubation.

+ A positive test corresponds to acidification revealed by
the bromocresol purple indicalor contained in the
medium changing to yellow.

« For the Esculin test (tube no. 25), a change from purple
to black is observed.

« Record the results on the result sheets.

Interpretation

The biochemical profile obtained for the strain can be :

« identified with the identification software ;

+ recorded as it is, defining the biotypes of a previously
determined species ;

+ used with other profiles for a taxonomic study.

DISPOSAL OF USED MATERIAL

After use, all ampoules, swabs, pipettes and strips should
be incinerated, autoclaved or immersed in a disinfectant
for decontamination prior to disposal.

biolMéneuz sa

English - 2
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QUESTIONNAIRE

COLOUR

Scale: 1 t 5 (Dull to Bright)

Orange Colour. Brightness

| | | | |
| | | | |
1 2 3 4 5

Dull Bright Very bright

Scale: 1 to 5 (Orange colour — noticeable pale colour to red orange)

Colour. Orange

1 2 3 4 5

Pale orange Orange Red orange

APPEARANCE / VISUAL QUALITY
Scale: 1 to 5 (Not appealing to Appealing)

Visual quality

l l l l |

I | | | |

1 2 3 4 5

Not appealing Appealing Very appealing
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AROMA
Scale: 1 to 5 (off-odour to very fresh)

Aroma: fresh carrot aroma

1 2 3 4 5
Off Fresh Very fresh

Scale: 1 to 5 (no pickled aroma to very strong pickled aroma)

Aroma: pickled aroma

1 2 3 4 5
No pickled Little Medium Strong Very strong
TEXTURE

Scale: 1 to 5 (Soft to Firm)

Texture

l | | | |

I | | | |

1 2 3 4 5
Very soft Soft Medium Firm Very firm

OVERALL QUALITY / OVERALL SENSORY QUALTIY
Scale: 1 to 9 (Poor to Good)

Overall quality

l | | | |

I | | | |

1 2 3 4 5
Very poor  Poor Medium High Very high
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Appendix C. Statistical Analysis

1. Microbiological analysis of carrots

Appendix C Table 1. Guidelines for the microbiological quality of ready-to-eat foods (category E)

Microbiological quality (cfu/g)

Parameters Satisfactory Acceptable Unsatisfactory
Aerobic colony counts
Y <10° 10°to <10’ >10’
(30°C/48h)
Indicator organisms
¢ <10? 10*to <10* >10*

Enterobacteriaceae

(Source: FSAI 2001)
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Appendix C Table 2. Multiple Range Tests for TVC and Enterobacteriaceae by macerated carrots and Whole carrots washed
with BPW (95.0 % LSD)

Total Viable Counts (Log cfu/g) Mean Homogeneous Groups
MACERATED CARROTS 5.30 X
WHOLE CARROTS 4.54 Xm)
Contrast Sig. Difference
Macerated-Whole * 0.7633
Enterobacteriaceae (Log cfu/g) Mean Homogeneous Groups
MACERATED CARROTS 3.59 X
WHOLE CARROTS 2.55 X
Contrast Sig. Difference
Macerated-Whole * 0.9433

* denotes a statistically significant difference (95.0% Tukey HSD)
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1.1. Enumeration for halotolerant bacteria on carrots

Appendix C Table 3. ANOVA table for Log TVC (Log cfu/g) by salt content (% NaCl) (95.0 % confidence level)

Source Sum of Squares Mean Square F-Ratio p-value
Between groups 11.8 3.934 381.12 0.0000
Within groups 0.04129 0.01032
Total (Corr.) 11.84

Appendix C Table 4. Multiple Range Tests for TVC (Log cfu/g) by Salt content (% NaCl)

Salt content (NaCl %) Mean Homogeneous Groups
6.5 2.088 X
4 3.998 X
2 4.923 X
0 5.185 X
Contrast Sig.
0-2
0-4 *
0-6.5 *
2-4 *
2-6.5 *
4-6.5 *

* denotes a statistically significant difference (95.0% Tukey HSD)
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2. Blanching of carrots

Appendix C Table 5. ANOVA table for Log TVC (Log cfu/g) by blanching Time (sec) (95.0 % confidence level)

Source Sum of Squares | Mean Square F-Ratio p-value
Between groups 103.4 17.23 125.31 0.0000
Within groups 2.888 0.1375

Total (Corr.) 106.3

Appendix C Tables 6a & 6b. Multiple Range Tests for Log TVC (Log cfu/g) by blanching Time (sec) (95.0 % LSD)

Table 6b
Ta.ble 6a Contrast | Sig. | Contrast | Sig.
Time | Mean Homogeneous Groups 0-10 ¥ 20 - 30 *
60 0.0 % 0-20 | * | 20-40 | *
0 | 00 X 0-30 | * | 20-50 | *
40 0.0 X 0-40 | * | 20-60 | *
30 1.197 | X 0-350 ” 30 -40 ”
20 2.204 X 0-60 ¥ 30 - 50 "
10 3.142 X 10-20 o 30 - 60 "
0 5.52 X 10-30 | * | 40-50
10 - 40 * 40 - 60
10 - 50 * 50 - 60
10 - 60 *

* denotes a statistically significant difference (95.0% Tukey HSD)
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2.1. Effect of blanching on carrot texture

Appendix C Table 7a. ANOVA table for Max. Load (N) by Time (sec) (95.0 % confidence level)

Source Sum of Squares Df | Mean Square F-Ratio p-Value
Between groups 11.11 10 1.111 41.22 0.0000
Within groups 2.67 99 0.02697
Total (Corr) 13.78 109

Appendix C Table 7b. Multiple Range Tests for for Max. Load (N) by Time (sec) (95.0 % LSD)

Multiple Range Tests for Max_ILoad (N) by Time (sec)
Time| Mean |Homogeneous Groups
300 | 0.008974 |X
270 | 0.01201 [XX
240 | 0.01502 | X
210 | 0.01505 | X
180 | 0.02149 X

150 0.0273 X
120 | 0.02979 X
90 0.03084 X
60 0.03164 X
30 0.03861 X
0 0.03865 X
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Appendix C Table 8.Relationship between carrot diameter and textural degradation after a period of blanching times

Blanching time Texture (N) Deviation Texture (N) Deviation
(sec) Carrot diameter <10 mm Carrot diameter >40 mm
0 30.79 2.75 48.17 5.56
30 26.26 5.16 46.48 2.9
60 20.12 4.4 43.99 542
90 19.3 3.08 43.31 5.5
120 18.65 4.43 42.16 2.66
150 18.02 5.65 41.87 5.36
180 13.37 2.5 35.65 4.41
210 7.49 2.86 25.19 0.62
240 5.68 1.28 20.86 5.28
270 4.01 0.6 11.69 4.21
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Appendix C Tables 9a & 9b. Multiple Range Tests for Max. Load (N) (carrots diameter <10mm) by blanching time (sec)
(95.0 % LSD)

Table 9a
Time Mean |Homogeneous Groups

270 401 |[X

240 5.68 |XX

210 749 |XX

180 13.37 XX

150 18.02 X

120 18.65 XX

90 19.3 XX

60 20.12 XX

30 26.26

0 30.79
Table 9b
Contrast | Sig. | Contrast Sig. Contrast Sig. Contrast Sig. Contrast Sig. Contrast Sig.

0-30 30 - 60 60 - 90 90 - 120 120 - 150 180 -210
0-60 * 30 -90 60 - 120 90 - 150 120 - 180 180 - 240
0-90 * 1 30-120 60 - 150 90 - 180 120 - 210 * 180 - 270 *
0-120 * 1 30-150 * 60 - 180 90 -210 * 120 - 240 * 210 - 240
0-150 * 1 30-180 * 60 - 210 * 90 - 240 * 120 - 270 * 210 - 270
0-180 * 1 30-210 * 60 - 240 * 90 - 270 * 150 - 180 240 - 270
0-210 * 1 30-240 * 60 - 270 * 150 - 210 *
0-240 * 1 30-270 * 150 - 240 *
0-270 * 150 - 270 *

* denotes a statistically significant difference (95.0% Tukey HSD)
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Appendix C Tables 10a & 10b Multiple Range Tests for Max. Load (N) (carrots diameter >40mm) by Time(sec) (95.0 %

LSD)
Table 10a
Time | Mean [Homogeneous Groups
270 11.69 (X
240 20.86 XX
210 25.19 | X
180 35.65 X
150 41.87 XX
120 42.16 XX
90 43.31 XX
60 43.99 X
30 46.48 X
0 48.17 X
Table 10b
Contrast | Sig. | Contrast Sig Contrast Sig Contrast Sig Contrast Sig. Contrast Sig.
0-30 30 - 60 60 - 90 90 - 120 120 - 150 180 - 210 *
0-60 30 -90 60 - 120 90 - 150 120 - 180 180 - 240 *
0-90 30-120 * 60 - 150 * 90 - 180 120 - 210 * 180 - 270
0-120 * | 30- 150 * 60 - 180 * 90 - 210 * 120 - 240 * 210 - 240
0-150 * 1 30-180 * 60 - 210 * 90 - 240 * 120 - 270 * 210 - 270 *
0-180 * 1 30-210 * 60 - 240 90 - 270 150 - 180 240 - 270
0-210 * 1 30-240 60 - 270 150 - 210 *
0 - 240 30-270 150 - 240 *
0-270 150 - 270 *

* denotes a statistically significant difference (95.0% Tukey HSD)
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3. Texture analysis of two canned carrot products

Appendix C Table 11. Summary Statistics of the textural analysis of product A and B.

Max. Load Product A (N) Max. Load Product B (N)
Count 30 30
Average 1.684 2.629
Standard deviation 0.5264 0.5951
Coeff. of variation 31.26% 22.64%
Minimum 1.13 1.66
Maximum 391 4.07
Range 2.78 2.41
Stnd. skewness 5.673 2.076
Stnd. kurtosis 9.517 0.9287

Comparison of Means

t test to compare means

Null hypothesis: mean A= mean B

Alt. hypothesis: mean A # mean B

Assuming equal variances: t = -6.818 p-value = 3.87 x10”
Reject the null hypothesis for alpha = 0.05

Kolmogorov-Smirnov Test

Estimated overall statistic DN = 0.718

Two-sided large sample K-S statistic = 2.883

Approximate p value = 1.2 x 107

Since the p-value is less than 0.05, there is a statistically significant difference between the two distributions at the 95.0% confidence
level
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3. Comparison of LAB growth (Log cfu/ml) in carrot juice broth (CJB) and MRS broth
Appendix C Table 12. Mean and deviation of the LAB load (log cfu/ml) of CJB and MRS monitored over 48 hours.

Mean (Log cfu/ml) Deviation Mean (Log cfu/ml) Deviation Time
5.51 0.143 5.67 0.171 0
2 =)
S 8.97 0.142 8 8.81 0.345 24
9.43 0.213 9.35 0.352 48

Hypothesis Tests for CJB-MRS (Log cfu/ml)

t-test

Null hypothesis: mean = 0.0

Alternative: mean MRS # mean CJB

Computed t statistic = -1.562

p-value = 0.2162

Do not reject the null hypothesis for alpha = 0.05
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Appendix C Table 13. ANOVA table for MRS and CJB lactic acid bacteria (Log cfu/ml) by Incubation time (hours)

Source Sum of Squares | Mean Square F-Ratio p-value
Between groups 34.03 17.02 369.52 0.0000
Within groups 0.4144 0.04605
Total (Corr.) 34.44

Appendix C Table 14. Multiple Range Tests for LAB load (Log cfu/ml) by Time (hours)

Time Mean Homogeneous Groups
0 5.598 X
24 8.896 X
48 9.392 X
Contrast Sig. Difference
0-24 * -3.299
0-48 -3.794
24 - 48 *

-0.4954
* denotes a statistically significant difference (95.0% Tukey HSD)
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4. Changes in pH over the fermentation of carrot sticks

Appendix C Table 15. pH values over the fermentation of carrot sticks

Dipping time| _Storage LAB
(hour) temlzféa)lture Day 0 Day 1 Day 7 Day 14 | m)
4 5.4620.23 | 4.07+0.21 | 3.64 +0.11
1 10 |6.1820.19 [ 5.28£0.26 | 4.15+0.15 | 3.61 +0.08
25 5.55+0.28 | 4.38+0.20 | 3.72+0.20
4 5.6120.30 [ 4.00£0.17|3.48 20.15|
2 10 |6.2220.12 5.53£0.25 | 4.41 £0.22 | 3.61 £0.21 E
25 5.27+0.28 [4.18 £0.12{3.53 £0.23| <
4 5.6220.21 [ 3.97+0.19 | 3.36 0.16
4 10 |6.2520.15 [ 5.30£0.25 |4.16 £0.15|3.55 £0.12
25 5.39 +0.23 | 4.3420.18 [ 3.49 %0.19
4 5.6720.32 | 4.24£0.20 | 3.78 +0.25
1 10 |6.1620.20 [5.37 +0.28|3.59 £0.39 | 3.36 £0.12
25 5.1220.24 | 4.05£0.15 | 3.37 +0.09
4 5.38 +0.29(3.95 +0.10[3.36+0.11 | €
2 10 |6.1820.15 [5.44 +0.18|3.94 £0.21 | 3.46 £0.06 E
25 5.23 +0.25(3.90 £0.25[3.3120.12 | <
4 5.31 +0.11 |3.85 +0.14 | 3.400.15
4 10 |6.2020.12 [5.52+0.32 |3.93 +0.18| 3.490.17
25 5.48+0.28 [ 3.79£0.13 | 3.32 +0.10
4 5.4520.30 | 4.68 £0.10 | 3.62 0.21
1 10 |6:0620.12 | 476 +0.15 | 3.34 +0.20 | 3.38 £0.15
25 5.4820.11 [3.910.14 |3.59 +0.18
4 5.27+0.21 | 4.08+0.18 |3.55 0.12| £
2 10 |6.1020.08 [ 4.52+0.22 | 3.37 +0.13 | 3.3420.10 E
25 5.2620.18 [3.310.10|3.2740.17 | <
4 5.39+0.15 | 4.38 £0.23 | 3.49 +0.19
4 10 |6.0820.10 [4.55+0.18 | 3.39+0.15 | 3.2920.10
25 5.4820.11 | 3.9240.15 | 3.26 +0.09
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Appendix C Table 16. Table of Least Squares Means (LSD) for pH with 95.0 % Confidence Intervals

Level Mean | Lower | Upper Mean | Lower [ Upper
Limit | Limit Limit | Limit
Grand Mean 4.73
Initial LAB load Initial LAB load by Storage Temperature
6 4.85 4.807 4.893 6&4 4.822 4.747 4.896
7 4.729 4.686 4.772 6& 10 4.854 4.78 4.929
8 4.612 4.57 4.655 6&25 4.875 4.801 4.949
Dipping Time 7&4 4.79 4.716 4.864
1 4.773 4.73 4.816 7& 10 4.72 4.646 4.794
2 4.696 4.653 4.739 7&25 4.676 4.601 4.75
4 4.723 4.68 4.765 8&4 4.846 4.771 4.92
Storage Time 8& 10 4.348 4.274 4.423
0 6.159 6.109 6.209 8 & 25 4.643 4.569 4.718
1 5.322 5.272 5.371 Dipping Time by Storage Temperature
7 3.973 3.924 4.023 1&4 4918 4.843 4.992
14 3.468 3.418 3.517 1&10 4.603 4.529 4.678
Storage Temperature 1&25 4.797 4.723 4.872
4 4.819 4.776 4.862 2&4 4.765 4.691 4.839
10 4.641 4.598 4.684 2&10 4.677 4.602 4.751
25 4.731 4.688 4.774 2&25 4.647 4.572 4.721
Initial LAB load by Storage Time 4&4 4.775 4.701 4.849
6&0 6.217 6.131 6.303 4 & 10 4.643 4.568 4.717
6&1 5.446 5.36 5.532 4 & 25 4.75 4.676 4.824
6&7 4.184 4.098 4.27 Storage Time by Storage Temperature
6& 14 3.554 3.468 3.64 0&4 6.159 6.073 6.245
7&0 6.18 6.094 6.266 0& 10 6.159 6.073 6.245
7&1 5.391 5.305 5.477 0 & 25 6.159 6.073 6.245
7&7 3.916 3.83 4.002 1&4 5.462 5.376 5.548
7& 14 3.428 3.342 3.514 1& 10 5.141 5.055 5.227
8&0 6.08 5.994 6.166 1&25 5.362 5.276 5.448
8& 1 5.129 5.043 5.215 7&4 4.136 4.05 4.222
8&7 3.82 3.734 3.906 7&10 3.809 3.723 3.895
8& 14 3.421 3.335 3.507 7&25 3.976 3.89 4.062
14&4 3.52 3.434 3.606
14 & 10 3.454 3.368 3.54
14 & 25 3.429 3.343 3.515
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5. Changes in LAB load (Log cfu/g) over the fermentation of carrot sticks

Appendix C Table 17. LAB load (log cfu/g) over the fermentation of carrot sticks

Dipping time terig:srrzgtflre Day 0 Day 1 Day 7 Day 14 | =B
(hour) ©C) (cfu/ml)
4 6.85+0.21 | 8.61+0.34 | 8.97 +0.31
1 10 630025 [6.75+0.18 | 8.5420.41 | 8.78 +0.22
25 6.88 +0.28 | 8.85+0.37 | 8.37 +0.42
4 6.75+0.32 [ 8.54+0.39 | 8.78 £0.29 | =
2 10 6.3220.19 [6.81£0.15 | 8.53£0.24 | 8.42+0.37 5
25 6.90+0.30 | 8.76£0.35 [ 9.44+0.30 | =
4 6.74+0.25 | 8.76 +0.24 | 9.55 +0.34
4 10 |6.4220.16 [ 6.890.21 | 8.45+0.38 | 8.78 +0.26
25 6.96+0.22 | 8.34+0.41 | 8.74 +0.32
4 8.57+0.35 [ 9.22£0.21 | 9.44 +0.34
1 10 7.60£0.32 | 8 68 +0.28 | 9.14 +0.42 |9.64 '+0.21
25 8.90+0.25 [8.79 +0.30]9.16+0.32
4 8.58+0.32 [9.05 £0.39|9.40£0.30 | E
2 10 |7.722041|8.91+0.34 | 9.53 4035 |9.72+0.41 | ©
25 8.8420.25 | 9.8040.42 |9.65'20.25| ~
4 8.48+0.23 [ 8.90+0.21 |9.627+0.18
4 10 |7.6520.38 | 852 +0.31|8.83 +0.35[9.60' +0.35
25 8.68 +0.28 9.78+0.31|9.10 +0.23
4 8.71+0.34 [ 8.92+0.14 | 9.54 +0.10
1 10 |872+0.20[8.95+0.21 [9.64 +0.10|9.41 +0.12
25 8.91+0.22(9.4420.12 |9.11 £0.15
4 8.77+0.35|9.8240.15 [8.950.19 | =
2 10 |8.800.15|8.9320.24 |9.68 £0.11]9.07 2021 | 3
25 8034030 | 9.4540.18 | 9372015 | 2
4 8.82+0.12 [9.86+0.19 | 8.86+0.50
4 10 |8.850.21[8.93+0.29 | 9.4220.10 | 9.52 +0.25
25 8.83+0.23 [ 8.89+0.15 | 9.58 +0.15
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Appendix C Table 18. Table of Least Squares Means (LSD) for LAB loads (Log
cfu/g) with 95.0 Percent Confidence Intervals

Level Mean Lower Limit Upper Limit
Grand Mean 8.507

Initial LAB load

6 7.663 7.597 7.728
7 8.762 8.697 8.828
8 9.095 9.03 9.16
Dipping Time

1 8.462 8.397 8.527
2 8.553 8.487 8.618
4 8.505 8.44 8.571
Storage Time

0 7.598 7.522 7.673
1 8.129 8.053 8.204
7 9.094 9.019 9.17
14 9.206 9.131 9.282
Storage Temperature

4 8.484 8.419 8.55
10 8.512 8.447 8.578
25 8.523 8.458 8.588
Initial LAB load by Storage Time

6&0 6.347 6.216 6.477
6&1 6.837 6.706 6.967
6&7 8.598 8.467 8.729
6& 14 8.87 8.739 9.001
7&0 7.657 7.526 7.787
7&1 8.684 8.554 8.815
7&7 9.227 9.096 9.357
7& 14 9.481 9.35 9.612
8&0 8.79 8.659 8.921
8&1 8.864 8.734 8.995
8&7 9.458 9.327 9.589
8& 14 9.268 9.137 9.399
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6. Sensory analysis of the carrot sticks

Appendix C Table 19. Sensory analysis scores summary

Overall

Sample Colour brightness | Orange colour |Fresh carrot aroma| Pickled aroma | Texture | quality

(0VQ)

Raw carrot sticks 4.25+0.1 3.9+0.2 3.3240.1 1.51+0.3 4.01+0.3 |3.87+£0.3
Blanched carrot sticks 4.13+0.2 4.32+0.3 2.97+0.2 1.4240.2 2.71£0.3 14.17+0.2

1 day fermented carrot sticks 3.89+0.2 4.41+£0.3 2.45+0.2 2.44+0.2 2.3+0.1 |3.22+0.2
14 days fermented carrot sticks 2.76+0.3 3.73+0.2 2.39+0.3 2.79+0.3 1.73£0.3 |2.43+0.3

Means and 95.0 Percent LSD Intervals

Appendix C Table 20. ANOVA table for Brightness colour by Carrot type a8y |
Source Sum of Squares | Mean Square | F-Ratio | p-value g Y I I ]
Between groups 2.788 0.9292 21.07 0.0065 '§ 4r I 7
Within groups 0.1764 0.0441 g sef 1
Total (Corr.) 2.964 % 32f :
28+ I .
2.4t =

14D 1D B R
Carrot type

Appendix C Figure 1.Means and 95% LSD intervals plots for the attribute brightness
Appendix C Table 21. ANOVA table for Orange colour by Carrot type

Means and 95.0 Percent LSD Intervals

Source Sum of Squares | Mean Square | F-Ratio p-value aBE _
Between groups 0.642 0.214 3.36 0.1362
Within groups 0.2548 0.0637 i a5 ]
Total (Corr.) 0.8968 3 42p 4
g 3.9 =
(e}
3.6 - _
3.3 .
14D 1D B R
_ 142 _ Carrot type

Appendix C Figure 2.Means and 95% LSD intervals plots for the attribute orange colour



Appendix C Table 22. ANOVA table for Fresh carrot aroma by Carrot type

Source Sum of Squares | Mean Square | F-Ratio p-value
Between groups 1.177 0.3925 8.90 0.0304 38
Within groups 0.1764 0.0441 5o
Total (Corr.) 1.354 zz

Appendix C Figure 3.Means and 95% LSD intervals plots for the attribute fresh carrot aroma

26

Fresh carrot aroma

2.3

Appendix C Table 23. ANOVA table for Pickled aroma by Carrot type

Means and 95.0 Percent LSD Intervals

P

[ ]

14D 1D B
Carrot type

Means and 95.0 Percent LSD Intervals
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Source Sum of Squares | Mean Square | F-Ratio |  p-value sar
Between groups 2.776 0.9252 14.52 0.0129 3
Within groups 0.2548 0.0637 £ 26
Total (Corr.) 3.03 g 22
£ 18

1.4

L

LT

|

Appendix C Figure 4.Means and 95% LSD intervals plots for the attribute pickled aroma

14D 1D B

Carrot type

R




Appendix C Table 24. ANOVA table for Texture by Carrot type

Means and 95.0 Percent LSD Intervals

Appendix C Table 25. ANOVA table for OVQ by Carrot type

Source Sum of Squares | Mean Square | F-Ratio p-value
Between groups 5.633 1.878 27.37 0.0040 >3 1
Within groups 0.2744 0.0686 431 I .
Total (Corr.) 5.907 g
E 3.3 —

I |
T I

14D 1D B R
Carrot type

Appendix C Figure 5.Means and 95% LSD intervals plots for the attribute texture

Means and 95.0 Percent LSD Intervals

Source Sum of Squares | Mean Square | F-Ratio p-value ° }
Between groups 3.57 1.19 18.68 0.0081 451 E
Within groups 0.2548 0.0637 Ak I I 3
Total (Corr.) 3.825 [ 1

ovaQ

35 .
3F ]

14D 1D B R
Carrot type

Appendix C Figure 6.Means and 95% LSD intervals plots for the attribute overall visual quality
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