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ABSTRACT KEYWORDS
Lactose intolerance limits the consumption of milk and dairy products. Lactose;
This study was carried out to provide information concerning the levels Galactosg;
of lactose and galactosein dairy productswidely consumed in Cameroon. Dairy products;
Lactose and galactose were determined in a total of 23 dairy products Cameroon-style fermented
consumed by Cameroonian populations, using Megazyme kit. Results milk.

indicated that lactic acid fermentations result in a decrease in lactose
content associated with the reduction of pH, and an augmentation in free
galactose. The values of pH were ranged from 6.43 Biradam (Cameroon
style unfermented dairy products) to 3.50 Pendidam Cameroon-style
fermented milk foods. The values of lactose content increased from
fermented to unfermented products, and ranged as follows. Pendidam
1.16 - 2.23 %; Kindirmou Cameroon style fermented milk 1.39—3.31 %;
Biradam 4.39 — 5.0 %; imported dairy products 3.09 — 6.58 %. The
concentration range of free galactosewas 0.03 - 0.93 % (Kindirmou), 0.06
—0.42 % (Pendidam), 0.0—0.35 % (imported dairy products). In conclusion,
lactic acid fermentation reduces significantly the levels of lactose and
minimizes resulted free galactose in Cameroon style fermented dairy
products. This suggests that traditional technology used to produce
fermented milk is effective to provide dairy products to the lactose
maldigesters. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION intestine, and thus used asafood sourceY. Lactaseis

present in all healthy human babiesbut only persists

Lactoseisamilk sugar (4-0-B-D-gdactopyranosyl-  into adulthood in some peopl€?. Thefrequency of this
D-glucopyranose); it requiresdigestion by theintestind  trait variesdramatically in different populations of the
enzymelactase beforeit can beabsorbedinthesmall  world. Itisfor examplevery frequent in Northern Eu-
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ropeansand very rarein southern China, whilein Af-
ricathedistribution is patchy, with an observed corre-
lation with pastoralism and drinking of fresh milk. In
Sub-Saharan Africa, milk production isthe trade of
nomad people, who drink largequantitiesof freshmilk,
and lactase persistenceisfrequent®4,

The consumption of fresh milk by lactase non-per-
sistent adultsand even children can lead to symptoms
of severeflatulence and diarrhoed?®. However, fer-
mentation of milk reducesits|actose content to vari-
ableextents, and making it moretolerable. During this
process, freegal actosewhich hasbeeninvolved in the
aetiology of senile cataract increasesinthefina dairy
product’®, Many peoplethroughout Africaenjoy soured
dairy product. Inthese products, lactic bacteriaplay an
essentid rolein preserving ahighly nutritiousfood prod-
uct. Fermented dairy productsare also of agreat sig-
nificancefor their theragpeutic vaues, for dleviating lac-
toseintolerance®; socid valueand asamean of gener-
atingincome. Inlocally fermented milk (Pendidam)
manufactured by Mbororo, no starter is added; fer-
mentation isbased on the spontaneousfermentation by
natural microflorapresent inraw milk!™. Sometimes,
themilk isseeded with an old Pendidam, and thecream
skimmed off after fermentation. Pendidamismainly
used asaningredient for other dishessuch aspap. The
pasteurized milk is seeded with old Kindirmou or com-
mercial startersat temperature of between 40—45°C
for 6 hours. According to demand or variation of raw
milk production, thefresh milk isincreasingly replaced
withimported powdered milk. Nowadays, locally fer-
mented dairy productsare both made of raw milk and
imported powdered milk. The physicochemica and
microbiological characteristics of fresh and
Cameroonian stylefermented milk have been eva u-
ated®9, These authorsreferred that the microbiol ogi-
cd qudlity of those productsisvery changing, and often
poor. However, thereisvery few information on lac-
tose content in dairy foods consumed by Cameroonian
populations. In certain cases, manufacturersgivejust
total sugar concentration, but not lactoseand galactose
contentswhich areintolerant for some categories of
consumers.

Theaim of thiswork isto assessthe content of the
milk sugar (lactose) indairy productswiddy consumed
by peoplein Cameroon. In addition, gal actose content
of these dairy foods was determined, while pH was
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only measured in thetraditional milk products. Three
categories of products weretested: fresh milk types
(Biradam), traditional fermented milks (Kindirmou,
Pendidam), and imported dairy products (powdered
milk, condensed milk andlonglifemilk).

MATERIALSAND METHODS

Collection of samples

Twenty three (23) samplesgroup inthree catego-
rieswere collected within the period extending from
November 2007 to February 2008 in the Ngaoundéré,
Cameroon. Threesamplesof fresh milk were obtained
from the nearby dairy farmers group (three groups).
Twelve samples of traditional fermented milkswere
obtai ned fromindividua households (Mbororowomen)
inrurd areasand smd|l dairiesso-caled “dairies bar” in
urban areas. Eight samples of imported milk products
(four powdered milk, three condensed milk and one
long life milk) were purchased from theloca market.
Sampleswereana ysed within two daysof purchaseat
leestintriplicate.

Determination of pH

ThepH of traditiond dairy sampleswas measured
as soon asthey werereceived in laboratory by direct
probing of the glass el ectrode of pH-meter (Hannaln-
struments, HI 9124, USA). Six replicatesof each mea-
surement wereperformed for each givensample. Dairy
sampleswerestored at 4°C until lactose and galactose
assay procedure.

Deter mination of lactoseand galactose content

Thelactose and gd actose contentswere determined
accordingtotheAssociaion of Officid Andytica Chem-
ist methods™, for theenzymatic anadysisof sugars, us-
ing M egazymekit (lactose and gal actose assay proce-
dure K-LACGAR 08/05, Ireland). The method in-
volved werethe detection of galactoseusing galactose
dehydrogenase and measuring the conversion of NAD*
to NADH by increasein absorbance at 340 nm, and of
indirect determination of lactose by enzymatic conver-
sion of lactoseto galactose by B-ga actos dase.

The powdered and condensed milkswere prepared
prior following the manufacturer’s instructions. 26 g of
NIDO samplesweredissolved in 180 ml of warmed
water. 22.5 g of INCOLAC sampleswere mixed with
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150 ml of boiled but cooled water [room temperature].
22 g of PEAK samples were mixed with 170 ml of
boiled but cooled water [room temperature] and same
for TOPMILK samples. For condensed milk samples
the content wasdiluted in twice the volumeof the con-
tainer.

Each samplewasweighed (about 0.5g) intriplicate
into 50-ml volumetric flask to whichwater and Carrez
reagents (1ml, 85 mM potassium hexacyanoferrate |
and 1ml 250 mM zinc sul phate) were added to pre-
cipitate proteins. The pH of sampleswas adjusted by
adding 100mM of NaOH/lactic acid and water was
added to cool samplesand make up thevolumeto 50
ml. Sampleswerefiltered prior toanalysis. Blankswere
run with each sample containing the sameingredients.
Assaysfor lactose and gal actose invol ved enzymatic
hydrolysisof lactoseby B-galactosidase and oxidation
of galactose by gal actose dehydrogenase with thefor-
mation of stoichiometric amounts of NADH. The
NADH produced was quantified by the increase in
absorbance at 340 nm. The concentrationsof NADH
were calculated directly fromitsextinction coefficient
but lactose standard curveswere plotted using solu-
tions of concentrationsranging between 8ug - 160 pg.
Thesmallest differential of the absorbancefor theas-
say is0.010 absorbance units. Resultswere expressed
as percentage (% wiw).

Satistical analysis

Statistical analysis was performed using
Statgraphics® Plus version 5.0. Data were analyzed
by one way ANOVA (analysis of variance) at 95 %
level of confidence. Multiple comparisonswere per-
formed through 95 % | east Significant differenceinter-
vals. Vauesrepresent mean of threeor morereplicates,
in addition to standard error of the mean.

RESULTSAND DISCUSSION

Thelist of dairy productstested in this study and
their characteristicsintermsof pH, lactoseand galac-
tose contents are shown in TABLE 1, Figure 1& 2.
Biradam, unfermented dairy products exhibited the
greatest pH ranging from 6.28 (mix) - 6.43 (liquid).
Therewasno difference (P> 0.05) between Biradam
dairy productsintermsof pH (Figure.1a). Thevaueof
pH intraditional fermented dairy products (Pendidam
and Kindirmou) wasvariable. It ranged from 3.57 (from
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Figurel: pH of artisanal dairy product group found consumed
by Camer oonianspopulations. (a) Biradam; (b) Kindirmou;
(c) Pendidam. Values represent the mean + standard
deviation of threeor moresamples.

Jamaaje, smal dairy) to 3.99 (from Litahi, small dairy)
for Kindirmou fermented milk group, and from 3.50
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(Pendidam from Mbororo dairy farm) to 4.05
(Pendidam from Songningtsa, small dairy) for
Pendidam fermented dairy group products. Concern-
ing Kindirmou dairy group products, fermented milks
from Jamaaje and Kossam, small dairieswere more
acidic than the other products of thisgroup (Figure.
1b). The pH values of Pendidam from Delfood,
Socotlait small dairiesand Mbororo farmwerenot dif-
ferent (P> 0.05), whilethey werelower (P< 0.05) than
those of Pendidam from Kossam and Songningtsa

—> Regulor Peper

small dairies(Figurelc). PendidamfromMbororodairy
farm was more acidic than Kindirmou from the same
farm. Therewas positive, high and significant polyno-
mial relationship (R?=0.85; P< 0.001) between lac-
tose content and pH of milk (Figure 3). Itisobvious
that the decreasein pH valueisessentialy dueto the
fermentation of lactose. However, theva ueof pH may
be modified also through fermentation of amino acids
derived frommilk proteinsor fermentation of fatty ac-
ids produced by hydrolysisof milk fat by somemicro-

TABLE 1: Variation of lactoseand galactose contentsin traditional and imported dairy productsconsumed by Camer oonian

populations
I Galactose (% wiw) Lactose (% w/w)
Product group Description :
Mean SEM Mean SEM
Biradam/fresh or pasteurized milk
Artisan raw/ pasteurized ‘Liquid® ND ) 4'39: )
"Sweet" ND - 5.0 0.01
Mix ND - 450 -
Kindirmou
Artisan fermented Mbororo sweetened 0.23° - 1.90% 0.68
Mbororo unsweetened 0.03° - 2.87° 0.01
Béero 0.93* 0.11 3.31° 0.21
Socotlait 0.52° 0.07 3.15° 0.44
Small-dairies fermented Jamaaje 0.84% 0.03 1.39° 0.36
Litahi 0.04" - 2.84° 0.02
K ossam 0.32° 0.02 2.23% 0.23
Pendidam
Mbororo* 0.06' - 1.16° 0.08
. Songningtsa 0.42° 0,01 2.11¢ 0.54
Artisan fermented . p
Delfood 0.36 0,06 2.19 0.62
Socotlait 0.27° 0,02 2.49% 0.11
K ossam 0.12' - 2.23% -
Whole milk powder
Top milk ND - 3.56™ 0.97
Nido 0.02° - 5.03° 1.15
Incolac 0.03° - 3.10° 0.96
Peak 0.02¢ - 3.09° 0.55
Imported dairy products Sweetened evaporated milk
Peak ND - 6.58% 0.88
Nestlé ND - 5.28% 0.48
Unsweetened evaporated milk
Olympic 0.35" - 3.62% 0.37
Long lifemilk
Bridel 0.04° - 478 0.06

SEM, standard error of the mean; ND, not detected; *low fat yoghurt live, Means in the same column followed by different
letters in superscript are significantly different at probability level 0.05.
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Figure2: Profilesof pH (i), galactose (ii) and lactose(iii) in dairy productsconsumed by Camer oonian populations: 1, fresh
milk without treatment; 2, pasteurized and sweetened milk; 3, mix of thetwo later samples; 4, pasteurized, fermented and
sweetened milk from Mbororo farm; 5, pasteurized, unsweetened and fer mented milk from Mbororo farm; 6, fermented
milk from Mbéero small-dairy; 7, fermented milk from Socotlait small-dairy; 8, fermented milk from Jamaajesmall-dairy;
9, fermented milk from Litahi small-dairy; 10, fer mented milk from Kossam small-dairy; 11, Mbororo yoghurt likefrom
farm (low fat); 12, Camer oon styleyoghurt (with zebu milk or milk powder) from small-dairy (Songningtsa); 13, Cameroon
styleyoghurt from small-dairy (Delfood); 14, Camer oon styleyoghurt from small-dairy (Socotlait); 15, Camer oon style
yoghurt from small-dairy (Kossam); 16, imported milk powder (Topmilk); 17,imported milk powder (NIDO); 18, imported
milk powder (Incolac); 19, imported milk powder (Peak); 20, siweetened concentrated milk (Peak); 21, sweetened concentrated
milk (Nestl€); 22, unsweetened concentrated milk (Olympic); 23, long life milk (Bridel). Values represent the mean of three
or moresamples.

organisms*? . Likeother milk technological processes,  zation and conservation of milk™,

it modifiesthe sugar profilesinfinal products®. How- During thefermentation process, lactoseishydro-
ever, Lacticacid fermentationimprovesmineralsutili-  lyzed by B-D-galactoside galactohydrolase or -D-
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Figure3: Polynomial relationship between lactoselevelsand pH valuesof Camer oon artisanal dairy products(R?=0.85; P<

0.001).

phosphogal actos degd actohydrol asefrom microorgan-
ismsto produce ga actose and glucose. Inthese condi-
tions, growth mediacontainslactose, gaactose, and glu-
cose, infavour of cataboliteinhibition, microorganisms
uselactoseand glucose s multaneoudy; whilegdactose
remainsuntil theother sugarshavedisgppeared?. That
explainsthesignificant increaseinfreegdactoseinal
cultured products compared with unfermented milk
(TABLE 1, Figure 2ii). The greatest valuesfound in
Kindirmou from Béero (0.93 %) and Jamaaje (0.84
%) mini-dairies. Thevauesof freegd actoseinfermented
milksfrom dairy farm (0.23 % and 0.03 %, sweetened
and unswesetened Kindirmou from Mbororo; 0.06 %
Pendidam from Mbororo) was lower (P< 0.05) than
theonesof cultured milksfromsmall dairies, excepted
for Pendidam from Kossam (0.12 %) and Kindirmou
from Litahi (0.04 %). Surprisingly, unsweetened con-
densed milk (Olympic) showed higher (P<0.05) value
of freegd actosethan other imported dairy products. Free
gaactose was not detected in al Biradam groups of
products, sweetened condensed milksand Top Milk -
whole powdered milk (TABLE 1). Thevauesof free
galactoseindairy products (range 0—0.93) consumed
by Cameroonian popul aionsarelower tothosereported
by for cultured dairy productsfound on UK market
(range0—1.97 %). The fermentation used in the manu-
facture of Cameroon stylefermented dairy foodsmini-
mizestheleve sof freegaactose; dueto either commer-

cia startersor spontaneous microflora.

Consumption of milk and dairy foodsisgrowingin
interest among the Cameroonians populations. So, di-
gestion disturbancesof milk (lactoseintolerance) which
can occur dueto lactase deficiency or intestineinjury
could becomeamajor interest to health professionas
and the publici**¥, Thevaluesreported in the present
study for lactosein dairy productswidely consumed by
Cameroonian populations were ranged from 1.16
(Pendidamfrom Mbororo) — 6.58 % (Peak — sweet-
ened condensed milk) (TABLE 1, FigureZ2iii). Thelev-
elsof lactosewerelower (P< 0.05) inthetraditional
fermented dairy productsthan Biradamgroup andim-
ported dairy foods. Traditiond technology usedto make
Cameroon-stylefermented milk lead up tothedecrease
in lactose from 34.6 % (Kindirmou) — 73.6 %
(Pendidam). Pendidamgroup of products showed the
lowest values of lactose (range 1.16 — 2.23 %) than
those of Kindirmou (1.39—3.31 %). This is probably
aconsequence of long period of fermentation during
production of Pendidam (12 hours), while Kindirmou
production lasts 06 hours. The values of lactose in
Cameroon-stylefermented milk weresimilar to those
reported by O’brient® for fermented milk found onthe
UK market, excepted fermented buttermilk (5.86 %)
and, Yoghurts— plain low fat and full fat (4.17 % and
3.90 % respectively). Thehighlevelsof lactoseinfer-
mented dairy products could be dueto the addition of
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the powdered milk and sucrose during manufacture®.
Lactic acid fermentation may take placeusing either
free glucose or glucose and fructose from sucrose as
substrate instead of glucose and galactose from lac-
tose; maintainingthehigh level sof lactosein fermented
dairy foods. However, thereisevidencethat fermented
milksimprovelactose digestion and toleranceinlac-
toseintolerant individual §2.

Elliot et a.* found that 95 % of “Bantou”
people are | actase non-persistent persons. Mg ority
of inhabitantsin Cameroon are Bantou origin, so that
lactose maldigestion is public health issue. Despite
of thissituation, thelevelsof lactoseand galactosein
Cameroon-style fermented milkscan betolerated by
lactose non-digester. However, the consumption of
these productsinduces symptoms |l actose intol er-
ance. Thisisoften been attributed to the poor hy-
gienic quality of fermented Cameroon-style fer-
mented dairy products?.,

CONCLUSIONS

Theconsumption of milk and dairy productsisgrow-
ingininterestin Cameroon. ThepH vauesof Cameroon
stylefermented milks (Kindirmou and Pendidam) are
sgnificantly lower than unfermented milks (Biradam).
Pendidamismoreacidic than Kindirmou. Thelevels
of lactosefollow thesetendencies; thereforelactic acid
produced fromlactosefermentationimprovesmilk con-
servationanditsnutritiona properties, such asminera
utilization and lowering lactose. Contrary to thelac-
tose, resultsshowed that free gal actoseincreasein fer-
mented milks compared to unfermented milk products.
This study suggeststhat technol ogy used to produce
Cameroon-stylefermented dairy foodsreduces signifi-
cantly thelevelsof lactoseand minimizesresulted free
galactose. However, these fermented milks may be
contaminated with E. coli, mould and yeast which may
cause the same symptoms as for the lactose intoler-
ance. Wenoted that processismorevariable, and need
standardi zation which must eliminateall the source of
harmful microorganisms,
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