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Abstract

Obesity is directly related to many deaths per year in the United States. The
Surgeon General estimated obesity to cost $ billions a year. An ingredient,
namely “Super Citrimax”, is marketed as a weight loss ingredient (WLI). Lac-
tobacillus acidophilus is an extensively studied probiotic (good, helpful) bac-
terium. The objective was to determine the effect of various amounts of the
WLI on the physico-chemical, microbiological and sensory characteristics of
probiotic ice cream. The WLI “Super Citrimax” was incorporated at the rate
of 0, 1.5, 3.0 and 4.5 g per 473 ml (pint) of ice cream. L. acidophilus was in-
corporated into all the pasteurized, homogenized and cooled ice cream mixes
at the rate of 0.7% w/v mix. Product manufacture was replicated three times.
The meltdown time for the first 15 ml of the ice creams with 3.0 and 4.5 g WLI
was significantly lower compared to the control. The meltdown volume of the
control after one hour was significantly lower compared to the ice creams with
WLI at all concentrations. There were no significant (p < 0.05) differences be-
tween the control and all treatments for standard plate counts. Control had
significantly the highest lactobacilli counts followed by the ice creams with 1.5
g WLIL The ice creams with 3.0 and 4.5 g WLI had significantly the lowest
lactobacilli counts. The flavor scores for the ice creams with 0, 1.5, and 3.0 g WLI
were not different from each other but were higher than the ice cream with 4.5
g. Similar results were obtained for the flavor scores of the heat shocked ice
creams. There were no differences in body and texture scores of any of the ice
creams. The body and texture scores of the heat shocked ice creams with 0,
1.5, 3.0 g WLI were not significantly different from each other, but scores for
the ice creams with 4.5 g were significantly lower than the ice creams with 0
and 1.5 g. Incorporation of WLI up to 3 g per 473 ml of ice cream did not
influence its flavor. The use of WLI decreased meltdown time, increased melt-
down volume, did not alter the standard plate counts, lowered the lactobacilli
counts and did not influence sensory body and texture.
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1. Introduction

According to the 2025 World Health Organization report, 1 in 8 people in the world
were obese in 2022 [1]. Some of the obesity complications include heart disease,
high blood pressure, elevated risk of cancer, high cholesterol levels, hypertension,
and arthritis. With 63% of men and 55% of women being identified as overweight
(body mass index greater than 25 kg/m?) or obese (body mass index greater than
30 kg/m?) in the United States, weight loss is a main concern for Americans who
want to stay healthy.

Functional foods are “foods that contain some health-promoting component(s)
beyond traditional nutrients” [2]. According to the 2024 Functional Foods Market
Analysis Report, the global functional foods market size in 2023 was about USD
329.65 billion and is expected to grow to USD 586.06 billion by 2030 [3]. The idea
of functional foods (e.g., probiotics) has moved towards the development of die-
tary additions that may affect gut microbial composition and activities [4].

A weight loss ingredient on the market is SuperCitrimax®. SuperCitrimax® has
a Generally Recognized as Safe status [5] and contains calcium/potassium-hy-
droxycitric acid (HCA) extract from the dried fruit rind of Garcinia cambogia [6].
SuperCitrimax® encourages weight management by inhibiting body fat synthesis
and curbing the appetite [7] without stimulating the nervous system (which causes
jitteriness and increased blood pressure). SuperCitrimax® supplement also pro-
motes fat oxidation, enhances serotonin release and its availability in the brain
cortex, normalizes lipid profiles, and lowers serum leptin levels in subjects who
are obese [8]. In an eight-week study, subjects were given 4667 mg of SuperCitri-
max® (2800 mg of HCA) per day. Along with a 2000 Kcal diet and supervised exer-
cise, the supplement aided in decreasing their Body Mass Index and body weight
by 5% [9]. It is possible that the 3 g per pint of ice cream could meaningfully con-
tribute to the effective daily dose for weight management.

Safety studies were conducted on animals (mice) that had been given varying
doses of SuperCitrimax®. Researchers looked for “acute oral toxicity, acute dermal
toxicity, primary dermal irritation and primary eye irritation.” The study’s results
indicated that the LDs is greater than 5000 mg/kg when given once orally through
gastric intubation to fasted male and female Albino rats [7].

In one study on human subjects, 20 overweight adults were given 500 mg of
HCA (as CitriMax®) three times daily before meals and other participants were
given equal amounts of a placebo. After eight weeks, the group taking the HCA
showed a 215% greater weight loss than the group taking the placebo. This weight
loss was not accompanied by any usual side effects associated with weight loss

stimulants and a reduction in cholesterol and triglyceride levels was also ob-
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served.

It can be observed through these studies that while taking HCA (in the form of
CitriMax®), significant weight loss as well as other health advantages are seen in
the subjects. InterHealth [5] reported that SuperCitrimax® has been used in sev-
eral beverages such as SoBe Lean, ReeBok Fitness Water, Slim-Lite Diet Beverage
and Skinny Water and that SuperCitrimax® is 100% soluble, tasteless, odorless,
and colorless in solution., but the effect of SuperCitrimax® on ice cream charac-
teristics such as meltdown, microbial growth are not known and would be inter-
esting to investigate.

Probiotics are live microbial food additions and have the capability to be very
beneficial to human health [10]. Probiotics have been shown to potentially affect
and improve many functions of the human body, such as protein and fiber diges-
tion [11]; improve lactose digestion [11]; and lower blood cholesterol [12]. Probi-
otics potentially aid in the resistance of certain pathogens by either direct destruc-
tion of the pathogen, competing with the pathogen for “room” and nutrients in
the gastrointestinal tract, or stimulating the immune system to build up its own
resistance mechanisms [11].

The minimum limit of beneficial bacteria in probiotic foods is 10° cfu/g [13]
and microbial counts decreased in a seventeen-week period from 1.5 x 10® cfu/mL
to 4 x 10° cfu/mL [13]. At the end of 17 weeks, the counts were over the minimum
10° cfu/g (mL), concluding that probiotic bacteria are able to survive in ice cream
[13]. But the effect of probiotic bacteria on the quality characteristics of ice cream
with a weight loss ingredient is not clear.

The objective of this experiment was to study the effects of various levels of the
weight loss ingredient SuperCitrimax® on the physico-chemical, microbiological,

and sensory characteristics of probiotic ice cream.

2. Materials and Methods

Ice Cream Manufacture: Ice cream mixes were prepared in 2 gallon batches
with whole milk (Kleinpeter Dairies, Baton Rouge, LA), cream (38% fat) (Dairy
Fresh, Baton Rouge, LA) instant low heat non fat dry milk (Hunter Walton and
Co, Piscataway, NJ), SuperCitrimax® (InterHealth, Nutraceuticals Inc. Benicia,
CA), sugar (local grocery store), and stabilizer CC-452 (Continental Custom In-
gredients, Inc. West Chicago, IL). Dry ingredients were weighed according to Ta-
ble 1 and blended with milk at 60 C. Blended mixes were homogenized in a two
stage homogenizer (first stage 1500 p.s.i. and second stage 500 p.s.i). All homoge-
nized mixes were batch pasteurized at 70 C for 30 min and chilled to 7 C before
transfer to cooler at 4 C for overnight aging. Just prior to freezing the mixes were
inoculated with Lactobacillus acidophilus LA-5 (Chr. Hansen’s Laboratory, Mil-
waukee, WI) in the form of frozen culture concentrate at 50 g per 2 gallons of ice
cream mix and the mixes were flavored with double fold vanilla extract (Virginia
Dare, USA). All batches were frozen in a batch freezer till 60% - 80% overrun. Ice

creams were portioned into 473 ml containers and hardened in a freezer at —30 C.
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Table 1. Mean + SE of viscosity and pH values of the various ice creams.

Viscosity (cps) pH
Control 151.60 + 15.52° 6.77 £0.08*
1.5 212.16 + 44.15%° 6.68 +0.09*
3.0 207.33 + 25.59*° 6.64 + 0.05*
4.5 260.07 + 28.32* 6.70 £ 0.02*

*bSame letters within the same column are not significantly different (a = 0.05).

Experimental Design: The weight loss ingredient was incorporated into the ice
cream mixes at 0, 1.5, 3.0 and 4.5 g of SuperCitrimax® per pint of ice cream. The
control had no SuperCitrimax®. All ice cream mixes were inoculated at a constant
rate of 50 g per 2 gallons mix with the probiotic bacterium Lactobacillus acidoph-
ilus. Color (L*, a*, b*), viscosity and pH were determined on ice cream mixes.
Meltdown time for first 15 ml, meltdown ml after 60 minutes, sensory flavor and
body texture, heat shocked flavor and body texture were evaluated and plate
counts, lactobacilli counts were enumerated at weeks 1, 4, 8, 12 after product man-
ufacture. Three replications were conducted.

PH: The pH of the mixes was determined at 8 C using an Orion pH meter model
250 A/610 (Fisher Scientific, Instruments, Pittsburgh, PA) calibrated using com-
mercial pH 4.00 and 7.00 buffers (Fisher Scientific).

Viscosity: The apparent viscosities of the mixes were determined at 22 C using
a Brookfield DV II+ viscometer (Brookfield Engineering Lab Inc, Stoughton, MA)
with a helipath stand. An RV #2 spindle was used at 50 rpm. The data was acquired
using the Wingather software (Brookfield). A hundred data points were averaged
per replication.

Color: The L*a*b*values of the mixes were determined at 8°C using a Hunter
MiniScan® XE Plus, portable color spectrophotometer (Hunter Associates Labor-
atory Inc. Reston, VA, USA). The instrument was calibrated using the black and
white standard tiles that came along with the instrument. The operating condi-
tions were 10° observer, D65 illuminant and 45/0 sensor. An average of five values
was taken per sample.

Sensory Characteristics: Sensory evaluations were conducted in 2005 by a four
member experienced panel on the ice creams coded with three digit random num-
ber codes. The official ADSA Intercollegiate Dairy Products Evaluation Contest
Score Card for flavor with a 1 - 10 point scale (10 = no criticism) and for texture
with a 1 - 5 point scale (5 = no criticism) was used.

Heat Shock: Samples of each treatment were taken out of the hardening room
and placed at room temperature for 30 minutes every day for 5 days during weeks
1, 4, 8 and 12 and then placed back into the hardening room. This procedure
would simulate temperature fluctuations (slight melting and refreezing) during
storage, transport, retail or consumer handling. Ice cream samples were freshly
heat shocked at each time period (weeks 1, 4, 8 and 12). Heat shocked ice creams

were evaluated for sensory flavor and body texture.
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Meltdown: A 100 g scoop of ice cream was placed on a wire gauge (6 wires/cm?)
at 22 C. Liquid drained from the gauge was collected in a graduated cylinder. Time
for collection of the first 15 ml and ml collected in one hour were recorded.

Microbial Counts: Serial dilutions of the ice cream were prepared with buffered
peptone water (Difco, Detroit, MI, USA). Standard plate counts were determined
by plating serial dilutions of ice cream in plate count agar. Pour plates were incu-
bated at 32 C for 24 h. Total lactobacilli counts were determined by plating serial
dilutions of ice cream in MRS agar and incubating anaerobically at 40 C for 48 h.

Statistical Analysis: Data were analyzed by ANOV A using the Proc Mixed pro-
cedure of Statistical Analysis Systems. Means were separated using the LSD test.

Significant differences were determined at a = 0.05.

3. Results and Discussion

PH

The data for pH is reported in Table 1. The treatment effect for pH was not
significant (p = 0.5292). There was an expected difference between the control and
treatments because the weight loss ingredient was hydroxycitric acid. Acidulants
are known to lower the pH and make the product more acidic. Average pH values
obtained were between 6.77 and 6.63. Abd-EL-Salam et al. [14] manufactured ice
cream with several stabilizers and recorded pH values between 6.5 to 6.88. They
further reported that pH and acidity was influenced by type of stabilizer used.
Hussein et al. [15] found that while pectin and sodium alginate had an effect on
the pH of ice cream mix, agar-agar and gelatin had no effect Lactic acid bacteria
ferment lactose to give lactic acid. L. acidophilusis alactic acid bacterium. Appar-
ently, not much fermentation took place in the ice cream mix to lower the pH of
the mix.

Viscosity

The table with viscosity figures is in Table 1. The treatment effect was not sig-
nificant (p = 0.1701). Treatment 4.5 was significantly greater than the control,
showing that acidulants can have a mild gelling effect, which can increase viscos-
ity. Abd-El-Salam et al. [14] reported that with increased levels of stabilizer, the
viscosity of the mix increased. Dankéw and Cais-Sokolinska [16] stated that hy-
drolysis of lactose increased the consistency of the ice cream.

Hussein et al. [15] found that pectin, sodium alginate agar-agar and gelatin in-
creased viscosity of the ice cream mixes. They further reported that increased con-
centration of these stabilizers also increased viscosities of ice cream mixes.

LA‘

The L* values are presented in Table 2. The L* values ranged from 93.3 to 94.65.
Roland et al [17] manufactured ice cream with fat replacers and reported L values
between 90.3 and 95.3. They further reported that ice creams with fat replacers
were whiter than the control 0.1% fat ice cream. The treatment effect was signifi-
cant (p = 0.0158). The control had significantly higher L* values than the treat-
ments. Resch et al. [18] studied the effect of hydrochloric, lactic, citric and phos-
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phoric acids on characteristics of beta-lactoglobulin gels and reported that use of
citric acid resulted in opaque coagulum. The weight loss ingredient, hydroxycitric
acid. resulted in ice creams which were darker than the control.

a¥

The data for a* color is found in Table 2. The a* values ranged from 0.003 to
—0.19. Roland et al [17] reported that ice creams with fat replacers had “a” values
between —0.6 to 0.4. The treatment effect was significant (p = 0.0071). The a* val-
ues for the control were significantly lower compared to other treatments. Also,
control, 1.5 and 3.0 were in the green color space, while 4.0 had a marginally inside
the red color space.

bA‘

The data for b* is shown in Table 2. The b* values ranged from 12.52 to 12.90.
Roland et al. [17] reported that the “b” values 0.1% fat ice creams manufactured
with fat replacers ranged between 4.1 and 5.7. The treatment effect is not signifi-
cant (p = 0.2275). The weight loss ingredient at all levels studied did not affect the

yellowness-greenness values of ice creams.

Table 2. Mean + SE of L* a* b* values for the various ice creams.

L* a* b*
Control 94.65 + 0.08* -0.19 + 0.30° 12.77 + 0.05*
1.5 93.59 + 0.47° -0.03 + 0.05* 12.90 + 0.13*
3.0 93.30 £ 0.15° -0.02 + 0.02° 12.66 + 0.19°
4.5 93.33 £ 0.03° 0.003 + 0.009° 12.52 + 0.05°

*Same letters within the same column are not significantly different (a = 0.05).

Sensory Evaluation

Flavor

Flavor scores for the ice creams are presented in Figure 1(a). The interaction
between treatment*week was not significant (p = 0.9841). Both main effects,
namely treatment (p = 0.1272) and week (p = 0.7835), were not significant. The
weight loss ingredient can be added at the maximum studied amount without af-
fecting the flavor of ice cream with the Lactobacillus acidophilus.

With the addition of the weight loss ingredient hydroxycitric acid (HCA) to the
probiotic ice cream, it was expected that this acidulant would impart a sour taste
as the amount of HCA increased [19]. However, the flavor scores of the control
had no significant difference compared to the ice creams with the added weight
loss ingredient. Ice cream ingredients such as nonfat dry milk, gums and emulsi-
fiers are known to alter the flavor of the ice cream. Non-fat dry milk can be used
in limited amounts in ice cream manufacture since it imparts off flavors to ice
cream [20]. Dervisoglu et al [21] substituted non-fat dry milk with soy protein
concentrate (SPC) in the manufacture of strawberry ice cream and reported that
flavor was adversely influenced by SPC. Minhas et al [22] reported an improve-

ment in the flavor of ice cream with use of 0.25% Karaya gum and no adverse
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effect on flavor with the use of 0.25% ghatti gum. Baer et al. [23] studied the effect
of the emulsifiers ploysorbate 80, 40% a-monoglyceride, 70% a-monoglyceride
and lecithin on characteristics of low fat ice creams and reported that ice creams
that contained lecithin had the lowest flavor scores. Christiansen et al. [24] man-
ufactured probiotic ice creams using Bifidobacterium bifidum and Lactobacillus
acidophilus and reported that probiotic ice creams had a “mild sour, fresh and
pleasant flavor”. Taha et a/. [25] manufactured probiotic ice cream using Bifidobac-
terium bifidum Bb-12, Lactobacillus acidophilus LA-5 and Lactobacillus casei
(1:1:1) and reported that probiotic ice creams had acceptable organoleptic prop-
erties. Hagen and Narvhus [26] manufactured probiotic ice cream and reported
that incorporation of Lactobacillus reuteriin ice cream manufacture resulted in a
probiotic/sour flavor. In frozen yogurt acidity was rated the most important at-
tribute [27]. Frozen yogurts with the lowest titratable (0.28 to 0.38) acidity re-
ceived the highest overall scores [28].

Bodyl Texture

Body and texture scores for the ice cream are shown in Figure 1(b). The inter-
action between treatment*week was not significant (p = 0.9195). Both main ef-
fects, namely treatment (0.7830) and week (0.3774), were not significant, implying
that weight loss ingredient did not have not any effect at the maximum studied
amount over the shelf life of the ice creams. There are ingredients that alter the
body/texture of ice creams. Baer et al [23] studied the effect of four emulsifiers,
namely ploysorbate 80, 40% a-monoglyceride, 70% a-monoglyceride and lecithin
on body/texture of low fat ice creams. They reported that body/texture of the ice
creams were improved by all four emulsifiers and that the use of 40% a-mono-
glyceride resulted in the best body and texture. Resch et a/ [18] studied the effect
of various acidulants namely, hydrochloric, lactic, citric and phosphoric acids on
the rheological properties of beta-lactoglobulin gels. They reported that use of cit-
ric acid resulted in a very poor thickening capacity. The weight loss ingredient
hydroxycitric acid did not have not effect on ice cream body/texture. Alamprese
et al. [29] manufactured probiotic ice cream with Lactobacillus johnsoniiLal and
reported that when this microorganism was used at 107 cfu/g there were no dif-

ferences in overrun and firmness of the probiotic ice creams.

Week 1
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Figure 1. Mean =+ SE flavor (a) and body texture (b) values of the various ice creams.

Heat Shocked Flavor

Heat shocked flavor scores for the ice cream are presented in Figure 2(a). The
interaction between treatment*week was not significant (p = 0.9967). Both main
effects namely treatment (p = 0.0810) and week (p = 0.9523) were not significant.
Prindiville et al. [30] studied the effect of milk fat on the sensory properties of choc-
olate ice cream and reported that heat shock damage in terms of cocoa flavor is
lower with an increased level of milk fat in the ice cream. Level of milk fat in the ice
creams in the present study was constant and weight loss ingredient usage at all lev-
els did not influence the heat shocked flavor of the ice creams over frozen storage.

Heat Shock Bodyl Texture

Heat shocked body and texture scores for the ice cream are presented in Figure
2(b). The interaction between treatment*week was not significant (p = 0.9915).
Both treatment (p = 0.3624) and week (p = 0.2265) were not significant. Ice crystal
size is very important to the structure and quality of ice cream. Small ice crystals
impart a smooth creamy texture while large crystals impart a coarse texture. Dur-
ing processing stages, distribution and storage fluctuation in temperatures cause
melting and recrystallization which result in increase in the crystal size which
causes ice cream to have a coarse texture [31]. Patel et al. [32] studied the effect of
whey protein concentrate (WPC) 30, 60 90 and milk protein concentrate (MPC)
30, 60, 90 on ice cream characteristics and reported that heat shocked texture
scores were similar for all treatments. Baer et al. [33] studied the effect of emulsi-
fiers on non fat ice cream and reported 52% a-monoglyceride and 72% a-mono-
glyceride imparted a desirable resistance to heat shock, while hydroxyporpylme-
thyl cellulose did not improve heat shock stability. Regand and Goff [34] reported
40% to 46% reduction in ice recrystallization in heat shocked ice creams with use
0f 0.0025% and 0.0035% total protein from acclimated winter wheat grass extract
(AWWE). They also reported that ice creams that contained AWWE ice structur-
ing protein had remarkably smoother texture after heat shock storage. The sen-
sory evaluation was conducted by a small panel which is a limitation of this study

and that future studies might use larger panels.
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Figure 2. Mean + SE heat shocked flavor (a) and body texture (b) values of the various ice
creams.

Meltdown Time for First 15 ml and Meltdown ml after 60 Minutes

The time it took for 15 mL of ice cream to melt is presented in Figure 3(a). The
interaction between treatment*week was not significant (p = 0.3098). Both week
(p < 0.0001) and treatment effects (p = 0.0124) and were significant. All of the
values for each week were significantly different from each other; with week 12
had the highest mean meltdown time. The meltdown time for the control was
significantly larger than the time for the treatments 3.0 and 4.5. The treatments
3.0 and 4.5 were not significantly different from each other. Treatment 1.5 was
not significantly different from the control, 3.0, or 4.5.

The volume of ice cream that melted in one hour is presented in Figure 3(b).
The interaction between treatment*week was not significant (p = 0.7084). Both
treatment (p < 0.0001) and week effects (p = 0.0018) were significant. Treatments
1.5, 3.0, and 4.5 were not significantly different from each other, but were signifi-
cantly higher than the control. All of the values for each week were significantly

different from each other; with week 1 having the largest mean volume.
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Figure 3. Mean * SE meltdown time for first 15 ml (a), meltdown ml after 60 minutes (b)
values of the various ice creams.

Ice cream is a frozen foam and emulsion with the majority of the space occupied
by air bubbles and ice crystals which constitute the dispersed phase. Typically the
structure of ice cream is a three dimensional network of partially coalesced fat
globules and air. The proteins and emulsifiers surround the fat globules. A very
concentrate unfrozen solution of sugars is the continuous phase. Meltdown of ice
cream is basically the melting of the solidified water phase (ice). There are two
factors that influence the melting of the ice; they are the outside temperature and
rate of heat transfer. During meltdown, heat is transferred from the warm air sur-
rounding the ice cream to melt the ice crystals (starting from the exterior of layer
of the ice cream and gradually heat penetrates the interior of the ice cream and
causes it to melt) [35]. Different ingredients and different quantities of those in-
gredients differently effect meltdown of ice cream. Baer et al. [33] reported no
differences in meltdown among non fat ice creams manufactured with various
emulsifiers namely 52% a-monoglyceride, 72% a-monoglyceride, hydroxypropyl-
methyl cellulose. Hyvonen et al. [36] observed that polydextrose and maltodextrin
significantly increased the melting rates of ice cream. They further reported that
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increasing fat content slightly slowed the melting in the mouth. Muse and Hartel
[35] reported slowest melting rates with 20 DE corn syrup and fastest melting rates
with the use of high fructose corn syrup. Roland ef a/ [17] reported that fat re-
placers did not influence melt down of ice cream. Taha et al. [25] manufactured
probiotic ice cream using Bifidobacterium bifidum Bb-12, Lactobacillus acidoph-
flus LA-5 and Lactobacillus casei (1:1:1). They incorporated the probiotics as two
treatments namely the probiotics being added one hour before freezing and the
probiotics left to ferment the mix overnight before freezing. They reported that
when probiotics were added one hour before freezing the ice creams has a lower
melting resistance.

Microbial Counts

Standard Plate Counts

Total aerobic counts are reported in Figure 4(a). The interaction between treat-
ment*week was not significant (p = 0.1783). Treatment was not significant (p =
0.8176), but week effect was significant (p = 0.0310). Counts at week 1 were sig-
nificantly lower than weeks 4 and 12. Counts at weeks 4, 8 and 12 were not signif-
icantly different from each other. The standard plate counts were far lower than
the legal requirement of 50,000 cfu/g. L. acidophilus can produce antimicrobials
such as bacteriocins, H,O,, or organic acids that may have initially inhibited some
aerobes. Dankéw and Cais-Sokolinska [16] reported hydrolysis of lactose in ice
cream. Kailasapathy and Sultana [37] manufactured non fermented probiotic ice
creams encapsulated and non encapsulated L. acidophilus and reported a mean f-
D-galactosidase activity of 9.4 + 0.5 U/g and 20.9 + 1.0 U/g, respectively. Gian-
nuzzi and Noemi [38] studied the effect of ascorbic acid in comparison to citric
and lactic acid on Listeria monocytogenesinhibition at refrigeration temperatures
and reported that ascorbic and lactic acids decreased initial microbial counts.

Lactobacilli Counts

The colony forming units (log) of ice cream in MRS Agar are presented in Fig-
ure 4(b). The interaction between treatment*week was not significant (p =
0.8471). Both treatment (p < 0.0001) and week (p = 0.0461) were significant. Con-
trol had the highest counts of lactobacilli followed by 1.5. Counts of the treatments
3.0 and 4.5 were the lowest and not significantly different from each other. Lacto-
bacilli counts at weeks 4 and 12 were not significantly different from each other
and were significantly higher than the counts at week 8.

Giannuzzi and Noemi [38] reported that ascorbic and lactic acids reduce mi-
crobial counts and that acidulants such as citric acid limit microbial growth [38].
The control had no weight loss ingredient, hydroxycitric acid, hence perhaps the
counts were higher with the control. As the amount of hydroxycitric acid in-
creased from 1.5 to 3.0 the counts further decreased significantly. This lowering
in counts at 3.0 was probably because of the antimicrobial effects of hydroxycitric
acid [38]. Counts seemed to plateau off in treatment 4.5, indicating that a higher
level of weight loss ingredient (past 3.0) did not have a lowering effect on micro-

bial counts. Kaul and Mathur [39] incorporated Lactobacillus acidophilus prior to
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freezing ice cream mix from buffalo milk and reported counts of 7.07 to 7.87 log
cfu/g. They observed a decrease in counts from 7.30 to 7.10 over 10 days of frozen
storage at —20 C after which counts appeared to stabilize. Taha et al. [25] manu-
factured probiotic ice cream using Bifidobacterium bifidum Bb-12, Lactobacillus
acidophilus LA-5 and Lactobacillus casei and reported a slight loss of viability of
all three strains. Hagen and Narvhus [26] manufactured probiotic ice cream and
reported a slight decline in viable counts soon after freezing, but did not change
significantly during 52 weeks of frozen storage at -20 C. Hekmat and McMahon [13]
manufactured probiotic ice cream using Lactobacillus acidophilus and Bifidobacte-
rium bifidum and reported a decrease in counts from 1.5 x 10° cfu/ml and 2.5 x 10?
cfu/ml respectively to 4 x 10° cfu/ml and 1 x 107 cfu/ml respectively after 17 weeks
of frozen storage at —29 C. Alamprese et a/. [29] manufactured probiotic ice cream
with Lactobacillus rhamnosusand reported no decrease in counts of L. rhamnosus
in ice cream stored for a year at -16 C. They further reported that the probiotic
bacterial counts at the end of 90 days of frozen storage at —-18 C decreased by 1.5
- 3.0 log units but were above 10° cfu/g [29].
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Figure 4. Mean + SE aerobic (a) and lactobacilli counts (b) (log cfu/g) of the various ice

creams.
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4. Conclusion

The weight loss ingredient significantly lowered L* values, increased a* values,
lowered meltdown time, increased meltdown volume and lowered lactobacilli
counts. The highest concentration shifted the a* color value to the red color space.
The weight loss ingredient did not influence pH, viscosity, b* value, flavor, body
texture, heat shock flavor, heat shock body texture and standard plate counts. The
weight loss ingredient can be recommended for incorporation in ice cream man-

ufacture at an optimum level of 3.0 g per pint of probiotic ice cream.
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