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A B S T R A C T

The whitish defatted kernel residue left in the virgin coconut oil extraction process has potential application in 
high protein, fiber enriched food products. In this study, it was attempted to investigate its use as a raw material for 
biscuit preparation. For this, wheat flour was fortified with ground defatted kernel residue (defatted coconut flour) in 
varying proportions (w/w, 0, 10, 20, 30, 40, 50, 60, and 70%) to prepare a series of blends for biscuit preparation 
according to a standard recipe.

A sensory evaluation by a 36-member semi-trained panel was conducted using a 7-point hedonic scale in order 
to determine the critical limit of wheat flour fortification with defatted coconut flour for good quality biscuits. Results 
of the sensory evaluation indicated that wheat flour could be substituted up to a level of 40 % with defatted coconut 
flour as source of dietary fiber without affecting the overall quality. Proximate compositional analysis were 
conducted to find moisture (%), ash (%), protein (%), fat (%) , crude fiber (%) and soluble sugar (%).The fiber 
content of biscuits was about 10 times higher than that of control biscuit sample. Palmitic and oleic acid were found 
to be the predominant fatty acids in biscuit. In vitro protein digestibility of biscuits was a maximum at 20% 
substitution of defatted coconut flour and it decreased with 30% and 40% due to increased fiber content in the 
biscuit samples. Biscuits showed a good keeping quality over a period of three months.

KEY WORDS: Defatted coconut flour, Fiber- enriched biscuits, In- vitro protein digestibility, Proximate composition,
Sensory evaluation, Storability 

I N T R O D U C T I O N
C ocon u t (Cocos nucifera L .) has b een  part o f  the  

p e o p le s ’ d iet and liv e lih o o d s  in the trop ica l cou n tries  
o f  A sia , and P a c ific  for ov er  a period  o f  th ou san d  
years. It has go t a w id e  range o f  u ses  to m ankind . T h e  
fo o d  va lu e o f  co co n u t is en o rm o u s. T h e w h itish  
kernel is the m ost va lu ab le  co m p o n en t o f  co co n u t. It 
is a w h o le so m e  food  con ta in in g  m oistu re , fat, protein , 
carbohydrates, m inerals and v ita m in s. T h erefo re , it is 
u sed  as a raw  m aterial for a range o f  fo o d  in d u stries. 
N e a r ly  f ifty  per cen t o f  th e  c o c o n u t kern el is 
m oisture. W hen dehydrated , the dried kernel is found  
to  contain  6 8 -7 0  % o il (S a lu n k h e et al, 1 9 9 2 ). 
T h erefore, co co n u t is co n sid ered  as a fo o d  crop  as  
w e ll as an o il crop.

Extraction o f  oil from  co co n u t is an im portant 
industry in m any cou n tries. For th is, both aq u eou s  
and dry extraction  p ro cessin g  m eth o d s are em p lo y ed . 
In the aqueous extraction  p ro cess , co co n u t m ilk  is 
taken out o f  the kernel, w h ic h  is su b seq u en tly  
con verted  into co co n u t o il. T h e dry p ro cess  in v o lv e s  
the con v ersio n  o f  co co n u t m eat into copra. 
S u b seq u en tly , copra is cu t into p ie c e s  in order to b e  
fed  into o il exp ellers  for ex traction  o f  o il. A fter  the  
o il extraction , an o il cak e is le ft beh ind  as a b y 
product. S in ce  the co m m ercia l o il e x p e ller s  are 
operated under h igh tem perature co n d itio n s , the o il 
cake so produced is burnt and su b jected  to variou s  
ch em ica l ch an ges. A s  a resu lt its q u a lity  is p oor  and it 
is not su itab le for hum an co n su m p tio n . H o w ev er , the  
recen tly  introduced te c h n o lo g y  for v irg in  co co n u t o il 
extraction  has m any ad van tages ov er  the traditional 
m ethod  o f  cocon u t o il production . In th is p ro cess , a

sp ec ia l ty p e  o f  m icro  e x p e lle r  is u sed  and the raw  
m aterial is d esicca ted  co co n u t w h ich  is dried under 
m ild  tem perature co n d itio n s . S in ce  the o il exp eller  
operates at m ild  tem perature co n d itio n s , the o il cake  
so  produced  is not se v e r e ly  burnt or su b jected  to any  
therm al degradation . U n d er  th ese  co n d itio n s , the 
defatted  kernel resid u e (D K R ) lo o k s w h itish  in co lor  
and its carbohydrates and p roteins are preserved  for 
hum an co n su m p tio n  (B e a n sc h  et al, 2 0 0 4 a ) .

A cco rd in g  to  th e past reports, th e D K R  contained  
carbohydrates as p red om in atin g  co m p o n en t (B ean sch  
et al, 2 0 0 4 b ). O f  th ese  carb oh yd rates, on e portion  is 
so lu b le  sugars and the rest is m o stly  fibrous  
m aterials. T h e fib rou s co m p o n en t o f  the 
carbohydrates is o f  m ajor in terest in m an y stu d ies due 
to its b en efic ia l health  e ffe c ts . D ie ta ry  fiber is n ow  
d efin ed  as the p lant m aterial, w h ich  is not degraded  
by the en d o g en o u s  secre tio n s  o f  the hum an dietary  
track. T h e m ajor b en efic ia l e f fe c ts  o f  d ietary fiber  
are its b u lk in g  cap acity , and the w ater-h o ld in g  
cap acity  w h ich  p lays an im portant role in the 
preven tion  o f  co n stip a tion  (d e  M an, 1 9 9 0 ).

D K R  w h en  ground form s d efatted  co co n u t flour 
(D C F ) w h ich  can b e -a su b stitu te  to w h ea t flour (W F) 
in m any fo o d  preparations. It is a g o o d  sou rce  o f  
protein , h igh  in d ietary  fiber and lo w  in d igestib le  
carbohydrates. It con ta in s no g lu ten  so  it is ideal for 
hum ans w ith  c e lia c  d isea se . A s  a sou rce  o f  dietary  
fiber, co co n u t flour p ro v id es  a num ber o f  health  
b en efits  in relation  to coron ary  artery d isea ses  cancer, 
d iab etes and m ineral absorp tion  in the hum an body. 
R esearch ers have in d icated  that co co n u t flour m ay  
reduce the con cen tra tion  o f  ch o lestero l in
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blood  (A ron con , 1 9 9 9 ). T h e study done by Trinidad  
et al (2 0 0 3 )  has revea led  that co co n u t flour has an 
ab ility  to lo w er  the g ly c e m ic  index o f  food s, w hen  it 
is incorporated into fo o d s such  as bakery food  item s. 
A  series o f  stu d ies  have been  conducted  to u tilize  
D C F.

W ith the current nutritional trend, p eop le  are 
m ore con cern ed  about their health and the nutritional 
status o f  their d iet. C on su m ers need nutritious and 
ready- to -eat p rocessed  fo o d s  w ith  g o o d  k eep in g  
quality  and a sa tis fy in g  taste (M b ofu n g  et al, 2 0 0 2 ) . 
B akery products like b iscu its  are identified  as food  
item s w h ich  sa tisfy  th ese  criteria (C havan and 
K adam , 1 9 9 9 ). P e o p le  o f  all a ges, e th n icity  and 
cultures u se  b iscu its  as sn ack  products throughout the 
w orld .

D u e to the nutritional v a lu es  and various health  
b en efits  o f  th e D C F , it can be id ea lly  used for the  
preparation o f  fiber-enriched  b iscu its. T herefore, th is  
study w as undertaken to d ev e lo p  fiber-enriched  
b iscu its by incorporating D C F  and to determ ine the  
proxim ate co m p o sitio n , in -v itro  protein d igestib ility  
(IV P D ) and the storage stab ility  o f  the b iscu its.

M A T E R I A L S  A N D  M E T H O D S  

1. Biscuit Baking
A  standard d ou gh  form ulation , sh ow n  in T ab le  

1, w as used  for b iscu it baking. C o m m ercia lly  m illed  
W F w as obtained  from  Prim a C ey lo n  C o Ltd. A  
sam p le o f  D C F  w as ob tained  from  the v irgin  co co n u t  
oil production  fa c ility  o f  the C ocon u t R esearch  
Institute. W F and D C F  w ere  w e ig h ed  separately  and 
m ixed  in d ifferen t proportions. A  total, o f  e igh t  
m ixtures (treatm ents) w ere  prepared, T 0- 0 :1 0 0 , T r  
10:90 , T 2- 2 0 :8 0 , T 3- 3 0 :7 0 , T 4- 4 0 :6 0 , T 5- 5 0 :5 0 , T 6- 
6 0 :4 0 , T 7- 7 0 :3 0 , (w /w ) and id en tified  by  the m ass  
ratio o f  D C F  to W F .

T h e b iscu its  w ere  prepared by first cream in g the  
m argarine, sugar and e g g  to a sm ooth  w h itish  so ft  
paste and then m ix in g  in D C F , W F and baking  
p ow d er w ith  required am ount o f  water. T h e cream ing  
and m ix in g  w ere  carried out u sin g  a m ixer. 
T he resu lting d ou gh  w as kneaded g en tly  and rolled  
out to a th ick n ess o f  0 .5  cm .

A fter cu tting  it into shape o f  b iscu its u sin g  a 
b iscu it cutter, th ey  w ere baked at 180°C  for 20  
m inutes. A fter tak ing out o f  the o v en  the b iscu its  
w ere a llo w ed  to c o o l b efore pack ing in lo w -d en sity  
p o ly e th y len e  (L D P E ) bags. S am p le  bags w ere  stored  
at room  tem perature until sen sory  eva lu ation , 
co m p o sitio n a l a n a ly sis  and sh e lf- life  stu d ies w ere  
con d u cted .

2. Sensory Evaluation
S am p les w ere ranked accord in g  to the preference  

o f  the th irty -six  m em ber sem i-tra ined  p an elists. 
P an elists  w ere  asked  to  rank the e igh t cod ed  sa m p les  
accord in g  to the in ten sity  o f  overall quality  
(appearance, texture, taste, sm ell &  overa ll 
accep tab ility ) o f  b iscu its. A  sev en  poin t H ed o n ic  
sca le  (1: d is lik e  very  m uch; 2: d islike; 3: d is lik e  
sligh tly ; 4: neither like nor d islike; 5: like sligh tly ; 6: 
like; 7: like very  m u ch ) w as used  to eva lu ate  d egree  
o f  lik ing  for each  sen so ry  attribute.

R esu lts  o f  sen so ry  eva lu ation  w ere an a lyzed  
u sin g  non-param etric Friedm an rank sum  test in the  
M initab  so ftw a re  p ack age  version  14 .00 .

3 . Proximate Compositional Analysis o f  Biscuit 
Samples

B iscu it sa m p les  w ere ground into pow d er u sin g  
m ortar and p estle . M oistu re  con ten t w a s determ ined  
u sin g  standard o v en  (G allenkam p, S A N Y O  
G allen k am p  P L C , U .K .)  m ethod  by drying at 105 °C  
for 4 hrs and then to constant w e ig h t (S L S  2 5 1 :  
1991); T est for fat con ten t w a s carried out by S o x h le t  

extraction  u s in g  petroleum  ether (4 0 -6 0  °C ) as 
so lv en t (P earson , 1973); M ineral con ten t  
determ ination  w as d on e by dry ash in g  m ethod  
(P earson , 1973); C rude protein  con ten t by m icro  
K jeldah l m ethod  (A O A C , 1999a); Crude fiber  
content b y  W een d e  m ethod  (A O A C , 1999b ) and total 
sugars by p h en ol su lfu ric  acid  m ethod (B em iller  and  
L o w , 1 9 9 8 ).

A n a ly s is  o f  varian ce w as carried out to find out 
the s ig n ifica n t d ifferen ces  am on g  the b iscu it sa m p les  
u sin g  S tatistica l A n a ly sed  S ystem  (S A S ) so ft  w are  
p ack age (A n o n , 19 9 8 a ).

T a b le  1 - R e c ip e s  o f  B is c u it  F o r m u la t io n  w ith  D if fe r e n t  T r e a tm e n ts :

T r e a tm e n t W h e a t  
f lo u r  (g )

C o c o n u t  
f lo u r  (g )

M a r g a r in e  (g ) S u g a r

(g )

B a k in g  
P o w d e r .(g )

E g g
(g )

W a te r
( m l ) .

To 500 0 250 200 20 80 0

T, 450 50 250 200 20 80 0

t 2 400 100 250 200 20 80 0

t 3 350 150 250 200 20 80 0

t 4 300 200 250 200 20 80 100

t 5 250 250 250 200 20 80 200

t 6 200 300 250 200 20 80 250

t 7 150 350 250 200 20 80 300
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4 . F a tty  A cid  C o m p o s it io n
T he o ils  extracted from  the sa m p les  u sin g  the  

S o x h le t m ethod w ere  derivatised  to form  their fatty  
acid m ethyl esters (F A M E ) and an alysed  by G as 
L iquid  C hrom atography (P O R IM  T est M eth od s, 
1995a).

5 . In- Vitro P r o te in  D ig e s t ib ility
IV P D  w as determ ined u sin g  the m ethod  o f  

S a v o ie  and G authier (1 9 8 6 )  m o d ified  as fo llo w s: A  
p recise  w eig h t (0 .5 0 0 g )  o f  f in e ly  ground flour sa m p le  
w a s su sp en d ed  in 17m l o f  0 .1 N  HC1 and incubated  
for 5 m inutes in a sh ak in g  w ater bath at 3 7 °C . T h e  
pH  o f  the m ixture w as then adjusted to 1.9 and the  
total vo lu m e m ade up to 2 0 m l. T h e lot w a s  then  
transferred into a d ia ly sis  tu b in g  (M o lecu la r  w e ig h t  
c u t-o ff  o f  approxim ately  1 2 0 0 -M e d ic e ll  International 
Ltd L ondon) to w h ich  w a s added 2 .5 m l o f  fresh ly  
prepared pepsin  (2 5 0 0 -3 2 0 0 0  u n its /g  ob ta in ed  from  
S igm a C hem ical C o ., St. L o u is , M o .)  en z y m e  
so lu tion  (7 m g /m l). T h e d ia ly s is  tube w a s then  
introduced into a beaker (p la ced  in a sh ak in g  w ater  
bath set at 3 7 °C ) con ta in in g  2 0 0 m l o f  0 .1 N  HC1 (1 7 5  
m l 0 .1 N  HC1 and 2 5 m l d istilled  w ater). 1 OOjj.1 o f  
d ia lysate  sam p les w ere w ithdraw n at 0 , 3 0 , 6 0 , 90 , 
120 and 150 m inutes and a n a lyzed  for protein  con ten t  
by the L ow ry et al. (1 9 5 1 )  m ethod . T h e d ig e stib ility  
o f  each  sam p le w as ca lcu la ted .

6. S h e lf  L ife  S tu d ie s
A n a ly ses  for s h e lf  life  stu d ies  w ere  d o n e  o n c e  in 

tw o  w e e k s  for a period  o f  th ree m on th s. M o istu re  
con ten t w a s d eterm ined  u sin g  standard o v e n  m eth od  
(S L S  251: 1991 ).O ils  o f  b iscu it sa m p les  w ere  
extracted  by S o x h le t ex traction  p roced u re u sin g  

petroleum  ether (4 0 -6 0  °C ) as so lv e n t (P earsoh , 
1973). P eroxide V a lu e  (P V ) o f  o il w as d eterm in ed  b y  
d isso lv in g  o il sam p le  (5 g )  in a ce tic  a c id -ch lo ro fo rm  
so lu tion  and titrated w ith  0 .0 IN  sod iu m  th io su lp h a te  
in the p resen ce o f  saturated p o tassiu m  io d id e  and 
starch indicator (P O R IM  T est M eth o d s, 1 9 9 5 b ). F ree  
fatty acid  conten t o f  o il sa m p les  (5 g )  w a s  determ ined  
b y  d isso lv in g  the sa m p le  in 95%  eth y l a lco h o l 
fo llo w e d  by titration w ith  so d iu m  h y d ro x id e  (0 .1 N )  
u sin g  p h en olp h th a lein  ind icator (A O C S , 
1987).E n u m eration  o f  aerob ic  c o lo n y  cou n t w a s d on e  
by incubating m icro -organ ism s in nutrient a^ar (N A )  
m edium  at 37°C  for 48  hours and the y e a st  and m ou ld  
count w as done by incubating  in potato  d ex tro se  agar 
(P D A ) m edium  w ith  0 .01%  C h lo ra m p h en ico l held  at 
room  tem perature (S L S  5 1 6 :1 9 9 1 ) . A n a ly s is  o f  
variance w as carried out to find  out s ig n ifica n t  
d ifferen ces  am on g  d ifferen t tim e  in tervals u s in g  
Statistica l A n a lysed  S y stem  (S A S )  so ft w are p a ck age  
(A n o n , 1998b).

R E S U L T S  A N D  D I S C U S S I O N  
1. Biscuit Formulation and Dough Consistency

In b iscu it form ulation , the m ain  ingred ien t is 
u su a lly  W F. A ccord in g  to p rev iou s reports, D C F  is 
rich in both so lu b le  and n o n -so lu b le  carbohydrates

(B ean sch  et al, 2 0 0 4 c ) . T h erefore , su pp lem en tation  o f  
W F w ith  D C F  cou ld  not o n ly  increase fiber content, 
but a lso  it cou ld  help  reduce the add ition  o f  sugar and 
fat'in b iscu it form u lations.

H o w ev er , it is o f  in terest to look  into the e ffe c t  o f  
incorporation  o f  D C F  on the w ater requirem ent to 
obtain the desired  d ou gh  quality . A cco rd in g  to the 
form u lations in T a b le  1, the con tro l and the b len d s up 
to 30%  D C F  lev e l w ere ab le  to g iv e  d ou gh  w ith  good  
c o n s is ten cy  w ith  the a v a ila b ility  o f  m oisture from  
ingred ients in recip e. W h en  su bstitu tion  increased  
b eyon d  30% , the h an d lin g  o f  the d ou gh  w a s  d ifficu lt  
as it b ecam e n on - c o h e s iv e . T h erefore , from  40%  
D C F  substitu tion  and a b o v e , the w ater had to be 
added. T h e in crease in the w ater requirem ent m ay be  
due to the in creasin g  am ount o f  n o n -so lu b le  
carbohydrates in the fortified  b len d s (L eelava th i and 
R ao, 1993).

T a b le  2 - C o m p a r iso n  o f  D o u g h  W e ig h t  an d  
B is c u it  W e ig h t1:

T r e a tm e n t D o u g h  W e ig h t

(g )

B isc u it  
Y ie ld  (g )

To 988.2 849.5

T, 1008.1 873.1

t 2 1040.6 881.0

t 3 1095.5 884.3

t 4 1155.3 887.3

‘Each value in the table represents the mean of duplicate analyses

A cco rd in g  to the data presented  in the T ab le  2 , 
the in creasin g  D C F  su b stitu tion  cau sed  to increase in 
d ou gh  w e ig h t and b iscu it y ie ld . A lth ou gh  
su p p lem en tation  o f  W F w ith  D C F  is m ain ly  for the  
purpose o f  d ietary fib er  en rich m en t, it is n ecessa ry  to  
pay attention  to the e ffe c ts  on the sen so ry  attributes.

2 . Sensory Evaluation
S en sory  attributes su ch  as appearance, sm ell or 

arom a, taste  and textu re are g o o d  ind icators o f  
con su m er accep ta n ce  o f  fo o d . S ta tistica l an a lysis  o f  
the sen so ry  ev a lu a tio n  data are p resen ted  in T ab le  3. 
T h e Friedm an test for the sen so ry  attributes sh ow ed  
that there w as no s ig n if ic a n t d ifferen ce  b etw een  the  
control and the d ifferen t le v e ls  o f  D C F  incorporated  
sam p les w ith  resp ect to ap p earan ce and sm ell. T his  
con firm s that the d ifferen t le v e ls  o f  D C F  substitu tion  
for W F do n ot h ave an y  d irect im pact on the  
appearance and sm ell o f  b iscu its . H o w ev er , attributes 
su ch  as taste, texture, and ov era ll a ccep ta b ility  seem s  
to be very  se n s it iv e  to the ch a n g in g  co m p o sitio n  o f  
the flour com p on en t. W ith  regard to taste, texture, 
and overall a ccep ta b ility  there w as no sign ifican t  
d ifferen ce  b etw een  the con tro l and the D C F  
substitu ted  b iscu it sa m p les  up to the lev e l o f  40%  
substitu tion . T h erefore, it can be con firm ed  that a 
40%  incorporation  o f  D C F  w ith  W F is p o ss ib le  w ith  
regard to b iscu it form u lations.
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T a b le  3 - R e su lts  o f  F r ie d m a n  T e st  A lo n g  w ith  S u m  o f  R a n k s  o f  S e n s o r y  A ttr ib u te s  o f  D iffe r e n t
T r e a tm e n ts 1 :

T reatm ent A ppearance T exture T aste S m ell 1O verall accep tab ility

To 1 6 4 .0 “ 1 9 7 .0 “ 1 9 6 .0 “ 1 5 4 .5 “ 1 7 8 .5 “

T, 1 7 0 .0 a 2 0 0 .5 “ 2 1 2 .0 “ 1 6 9 .5 “ 1 8 4 .5 “

t 2 1 6 0 .5 “ 1 9 5 .0 “ 2 0 4 .0 “ 1 9 5 .5 “ 1 7 3 .5 “

t 3 1 8 5 .0 “ 1 9 5 .0 “ 1 8 9 .0 “ 1 7 4 .0 “ 1 8 0 .5 “

t 4 1 9 2 .0 “ 1 7 0 .5 “,b 1 7 6 .0 “’b 1 7 5 .0 “ 1 5 8 .0 B,b

t 5 1 3 6 .0 “ 1 2 8 .0 b,c 1 1 1 .5b 1 3 6 .0 “ 1 1 0 .0 b

t 6 1 3 2 .5 “ 9 9 .5 b,c 9 9 .0 b 1 3 8 .0 “ 1 0 0 .5 b

t 7 1 5 6 .0 “ 110.5° 1 0 8 .0 b 1 5 3 .5 “ 1 0 2 .5 b

S ig n ifica n ce ns *** *** ns ***

*Means in the same column bearing different letters are significantly different from each other. Abbreviations: iis, not significant,
***, p<0.001, ,N=3

M o st o f  the p an elists  ind icated  that, had the  
present rec ip e  con ta in ed  little  m ore sa lt and sugar, the  
b iscu its  w ou ld  have b een  m uch  tastier and m ore  
acceptab le. T h erefore  th is su g g estio n  cou ld  be 
included  for further im p rovem en t o f  the D C F  based  
b iscu it form ulation  recip e. B a sed  on the sen sory  
evalu ation  study, it w as d ecid ed  to lim it the D C F  
substitu tion  up to 40%  and co m p o sitio n a l a n a lyses  
and storage stu d ies w ere  carried out o n ly  for b iscu it  
sam p les m ade o f  flour con ta in in g  0 , 10, 2 0 , 3 0  and 
40% D C F  su pp lem en tation .

3 . Proximate Composition o f  Biscuit Samples
P roxim ate c o m p o sit io n  o f  b iscu it sam p les  

prepared w ith  d ifferen t treatm ents w a s com pared  w ith  
the control as sh o w n  in T a b le  4 . W h en  com pared  to 
the con tro l sa m p le , s ig n ifica n t increases w ere  n oticed  
in m oisture and ash con ten ts o f  b iscu it sam p les  
prepared w ith  W F /D C F  b lends.

T he increase in m oistu re con ten t m ay be due to  
the fact that in creasin g  lev e l o f  D C F  in the  
form ulation  w ou ld  h ave increased  the w ater h o ld in g  
cap acity  o f  b iscu it sam p les. H o w ev er , th ese  va lu es  
w ere w ith in  the ranges found in m arket ava ilab le  
sam p les as in d icated  in p rev iou s reports (A w asth i and 
Y ad av , 2 0 0 0 ) . S im ila r ly , an ap p reciab le increase in 
ash con ten t w a s  a p o s it iv e  d ev e lo p m en t.

W hen com p ared  to the control sam p les  
s ig n ifica n t in creases w ere  a lso  n oticed  w ith  regard

to fat and protein  con ten ts . A cco rd in g  to p rev iou s  
reports, D C F  is a lo w -fa t but h igh  protein  m aterial 
h av in g  about 2 0  % protein  and 6.5%  fat on  a dry  
basis (B ea n sch  et al, 2 0 0 4 c ) .S in c e  th ese  v a lu es  are 
higher than th o se  reported for co m m erc ia lly  m illed  
W F (1 0 .3 3 %  and 0 .9 8 % ) (A n o n , 2 0 0 5 ) , it d e fin ite ly

i

h elp s to  raise the fat and protein  con ten ts o f  b iscu it  
sam p les produced  from  W F / D C F  b lends.

A lth o u g h  there w a s d ifferen ce  in va lu es o f  
so lu b le  sugar con ten ts b etw een  the control and D C F -  
fortified  b iscu it sa m p les , the d ifferen ce  w as  
sta tistica lly  n o n -sig n ifica n t. H o w ev er , w ith  regard to  
carbohydrate con ten t a s ig n ifica n t d ecrease w as  
n oticed  b etw een  th e control and D C F  fortified  
sam p les. E n ergy  v a lu es  sh o w  no s ig n ifica n t
d ifferen ce  b etw een  treatm ents. H o w ev er , s ig n ifica n t  
in creases w ere  n o ticed  b etw een  the control and D C F -  
fortified  sa m p les  w ith  resp ect to  crude fiber con ten ts.

4 . Fatty Acid Composition
M argarine and sh orten in g  have an im portant ro le  

in bakery products. C h o ice  o f  o il or fat m ay  vary  
d ep en d in g  on the ty p e  o f  ap p lication  and properties  
required. In th is stu d y , m argarine w a s the sou rce o f  
fat and a ccord in g  to the F A M E  a n a lysis  data  
presented  in T a b le  5, P a lm itic  and o le ic  acid s w ere  
d etected  as the p red om in atin g  fatty acids. It look s as 
the m argarine has b een  form ulated  w ith  palm  o il.

W ith the su p p lem en tation  o f  D C F , the fatty acid

T a b le  4 -P r o x im a te  C o m p o s it io n  o f  b isc u it  sa m p le s  o u t o f  d if fe r e n t  tr e a tm e n ts  ( g / 100  g  d ry  m a tte r  b a s is )

T r e a tm e n t M o is tu r e A sh P r o te in F a t C r u d e
F ib e r

S o lu b le
S u g a r

O th e r
C a r b o h y d r a te s

(by
d iffe r e n c e )

E n e r g y
(k ilo jo u le s

/k g )

T 0 1 .7 2 “ 1 .4 9 “ 5 .9 3 “ 2 0 .8 2 “ 0 .6 0 “ 2 4 .6 6 “ 4 4 .7 7 “ 2 0 4 3 .6 1 “

T , 2 .0 6 b 1 .6 7 b 8 .3 1 b 2 2 .4 6 b 2 .5 0 b 2 7 .8 6 “ 3 5 .1 5b 2 0 3 7 .5 2 “

t 2 2 .3 4 c 1 .9 9 c 8 .9 9 b 2 2 .9 3 b 3 .6 5 c 2 8 .3 5 “ 3 1 .7 4 b 2 0 1 8 .1 8 “

t 3 2 .5 8 c 2 .1 9 d 1 0 .8 0 c 2 3 .7 0 c 5 .3 0 d 3 0 .8 4 “ 2 4 .6 0 b,c 1 5 9 9 .4 2 “

t 4 3 .0 2 d 2 .4 4 e 1 2 .3 6 c 2 4 .9 0 d 6 .1 0 e 3 2 .2 9 “ 18.88° 1 5 9 9 .7 6 “

P V alu e 0 .0 0 0 4 < .0001 0 .0 0 1 3 < .0001 < .0 0 0 1 0 .4 0 6 1 0 .0 2 1 5 0 .5 4 4 8

‘Means in the same column bearing different letters are significantly different from each other. P value (p< 0.05) significantly different
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Table 5 - Distribution of Fatty Acids (Area %) of Biscuits out of Different Treatments1:

Treatment Fatty acid

Caprylic
(C8:0)

Capric
(00:0)

Laurie
(02:0)

Myristic
(04:0)

Palmitic
(06:0)

Oleic
(08:1)

Linoleic
(08:2)

Unknown

To 0.05 0.00 0.35 1.02 55.06 37.66 5.72 0.13
T, 0.14 0.16 0.96 1.28 54.63 37.20 5.48 0.14
t 2 0.22 0.17 1.76 1.61 54.20 36.50 5.44 0.10
t 3 0.31 0.25 2.69 1.96 53.24 36.05 5.39 0.10
t 4 0.50 0.38 3.63 2.36 52.19 35.45 5.37 0.10

'Each value in the table represents the mean o f  duplicate analyses.

profile of all the treatments seems to have been 
affected. This could be attributed to the fact that the 
increasing level of DCF proportionately increased the 
coconut oil content of the finished product. The 
proportion of short and medium chain fatty acids 
increased from 0.4% in the control to 4.5% in the 
40% DCF substitute biscuits sample.

5. In  V itro  Protein Digestibility
IVPD is an important factor in assessing the 

nutritional status of a food product. Initially an 
increase of IVPD was observed with time and it 
reached and optimum at 60 minutes of digestion and 
decreased afterwards. IVPD has a close relationship 
with dietary fiber. The study done by Bilgicli el al 
(2005) had revealed that addition of fibers to biscuit 
formulations tends to decrease the IVPD of the 
products. However in this study protein digestibility 
increased up to 20% substitution of DCF. Protein 
digestibility decreased beyond 20% of DCF 
substitution.

6. Storabilityof B iscu it S a m p les
With time, keeping quality of any food item may 

be affected and thereby its quality characteristics such 
as taste, smell, colour, and texture can deteriorate. 
Initial moisture content, storage temperature and 
packaging material are the key factors which 
determine the keeping quality of food materials. In 
order to monitor the keeping quality of biscuit 
samples, moisture content, free fatty acid content, and 
peroxide values are useful parameters. Particularly, 
moisture absorption is a critical factor which might 
affect the longer storage stability of biscuits. 
According to the data presented in Table 6, moisture 
content of the control and DCF-fortified samples 
increased slightly. However, during the entire storage 
period, none of these samples exceeded the 6% limit 
prescribed by the standardization agencies (SLS 
251:1991; BIS 1974).

The changes in free fatty acid content and 
peroxide values of the biscuit samples during the 
storage are also shown in Table 6.

2 5
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o
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T3CJ
CJ D1
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0

0 120 1 5 030 60 90
Duration of Digestion (Minutes)

^  0% Coconut flour ® 10% Coconut flour ^  20% Coconut flour

30% Coconut flour 40% Coconut flour

F igure 1- Effect of Incorporation of Different Level of Coconut Flour on the In Vitro Protein Digestibility of Biscui
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Table 6 - Variation of Moisture Content, Free Fatty Acid Content, and Peroxide Value of Biscuit Samples 
with Time1:

Treatment Time (weeks)
0 2 4 6 8 10 12

Moisture (%)

T 0 1 .7 2 a 2 .9 5 b 3 .18° 3 .4 8 d 3 .8 9 e 4 .6 1 f 5 .5 0 s

T , 2 .0 6 a 2 .i t 2 .9 7 b 3 .65° 4 .1 6 d 4 .4 4 d 5 .4 3 e

t 2 2 .3 4 a 2 .5 8 b 2 .8 6 c 3 .2 8 d 3 .7 1 e 3 .8 1 e 4 .1 4 f

t 3 2 .5 8 a 2 .8 7 b 3 .2 1 c 3 .8 6 d 4 .1 6 e 4 .8 8 f 5 . 10f

t 4 3 .0 2 a 3 .1 3 a 3 .3 2 a 3 .8 7 b 4 .2  l c 5 .2 3 d 5 .6 4 e

Free fatty acids (% palmitic)
To 0 .2 4 a 0 .2 8 a 0 .4 2 b 0 .5 4 c 0 .5 8 d 0 .6 4 e 0 .7 8 f

T , 0 .2 6 a 0 .3 0 b 0 .4 3 c 0 .5 8 d 0 .6  l e 0 .6 6 f 0 .7 9 s
t 2 0 .3 3 a 0 .3 4 a 0 .4 4 b 0 .5 9 c 0 .6 2 ° 0 .6 9 d 0 .8  l e
t 3 0 .3 4 “ 0 .4 2 b 0 .5 0 ° 0 .6 3 d 0 .6 6 d 0 .7 5 e 0 .8 4 f
t 4 0 .3 4 a 0 .4 8 b 0 .5 2 b 0 .6 4 c 0 .7 0 d 0 .7 8 e 0 .8 6 f

Peroxide value (meq/kg)
To 1 .4 9 a 3 .0 0 b 4 .2 6 c 6 .8 8 d 8 .5 6 e 9 .8 8 f 1 2 .5 1 s
T , 1 .9 9 a 4 .1 8 b 4 .3 0 b 7 .2 1 ° 9 .3 7 d 1 0 .9 0 e 1 1 .9 6 f
t 2 2 .9 9 a 4 .3 1 b 4 .4 2 b 7 .76° 9 .4 9 d 1 0 .5 0 e 1 1 .4 6 f
t 3 3 .9 9 a 4 .6 8 b 5 .08° 8 .1 8d 9 .7 8 e 1 1 .2 5 f 1 2 .5 8 s
t 4 4 .4 2 a 4 .9 9 b 5 .3 1 c 8 .5 0 d 10.62® 1 1 .0 2 f 1 2 .9 2 s

'Each value in the table represents the mean o f duplicate analyses. Means in the same column bearing different letters are significantly 
different from each other

The increases in FFA content of all the biscuit 
samples were very minute. Similarly, only a slight 
variation was seen in peroxide values of samples. 
However, these samples did not show any off flavor 
or taste during the storage period.

Micro flora usually affects most of the food 
items and therefore, it is very necessary to monitor

their growth during storage. The data presented in 
Table 7 shows slight variation of the aerobic plate 
count and yeast and mould count of biscuit samples 
during the initial period of three months. However, 
the variation is within the tolerable limits. The pattern 
of variation is similar between in the control and the 
DCF-fortified samples.

Table 7 - Changes in Aerobic Plate Count and Yeast and Mould Count of Biscuit Samples with Time1:
Treatment Time (Weeks)

0 2 4 6 8 10 12
Aerobic plate count (CFU/g)

To 4 .51  x 0 2a 5 .3 5 x l 0 3b 1 .0 5 x 104c 1 .7 5 x l0 4d 2 .5 5 x l 0 4f 3 .1 0 x l 0 4f 3 .7 5 x l0 4s

T, 4 .3 0 x l 0 2a 5 .1 5 x l 0 3b 9 .7 5 x 103c 1 .6 0 x l0 4d 2 .1 0 x l 0 4e 2 .6 0 x l 0 4f 3 .2 5 x 104s

t2 3 .8 5 x l 0 2a 5 .1 5 x l 0 2b 9 .4 0 x 103c 1 .5 0 x l0 4d 2 . 2 0 x l 0 4e 2 .6 0 x l 0 4f 3 .4 5 x 104s

t3 3.95><102a 4 . 9 0 x l 0 3b 9 .4 5 x 103c 1 .4 0 x l0 4d 1 .8 5 x l0 4e 2 .4 0 x l 0 4f 3 .5 5 x l0 48

t4 3 .9 0 x l 0 2a 4 . 7 5 x l 0 3b 9 .1 0 x 103c 1 .2 5 x l0 4d 1 .8 0 x l0 4e 2 .1 0 x l 0 4f 3 .0 5 x l0 4g '

Yeast and mould count (CFU/g)
To 7 . 8 5 x l 0 ,a 1 .45 x l o2a,b 3 .0 5 x l 0 2b>c 4 .1 0 x l 0 2c’d 5 .2 5 x l 0 2d 7 .0 0 x l 0 2e 9 .5 5 x l 0 2f

T, 1 .1 5 x l0 2a 1 .8 5 x l0 2a>b 3 .5 5 x 1 0 2b’c 4 .9 0 x l 0 2c 6 .9 5 x l 0 2d 9 .2 0 x l 0 2e 1 .1 5 x l0 3f

t2 1 .4 5 x l0 2a 2 .0 5 x l 0 2a 4 .6 0 x l 0 2b 5 .3 0 x l0 2b 7 .4 5 x 102c 1 .3 5 x l0 3d 1.45 x 103d

t3 1 .6 0 x l0 2a 2 .2 5  x 10 2a 3 .8 0 x l0 2b 5 .4 0 x 102c 9 .4 5 x l 0 2d 1 .7 5 x l0 3e 2 .0 5 x l 0 3f

t4 l . 9 0 x l 0 2a 2 .3 0 x 1 0 2a 4 .2 5 x l 0 2b 5 .4 0 x 1 0 2b 1 .0 5 x 103c 2 .0 5 x l 0 3d 2 .4 5 x l 0 3e

‘Each value in the table represents the mean o f duplicate analyses. Means in the same column bearing different letters are significantly 
different from each other. Abbreviation: CFU, Colony Forming Units
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CONCLUSION
From the results of this investigation it is 

concluded that DCF can be used in making fiber 
enriched biscuits up to a level of 40% without 
affecting the sensory quality adversely and the 
stability of biscuits for three months under ambient 
conditions. Although the protein digestibility on 
biscuits decreased beyond 20% DCF substitution, the 
dietary fibers in DCF plays an important role in 
providing health benefits and encourages the industry
to produce value added products. Therefore further 
investigations are needed to increase level of 
substitution of DCF, to improve sensory quality and 
to extend storability on biscuits.

ACKNOWLEDGEMENTS
The authors are grateful to the staff of Coconut 

Processing Research Division and Mrs. P 
Waidyaratne, Biometrician of Coconut Research 
Institute, Lunuwila for their assistance throughout the 
research project and data analysis. Special thanks are 
extended to Miss Nimali de Silva, Assistant lecturer, 
Department of Bio Technology and Dr. Deepal 
Mathew, Head, Department of Bio Chemistry, 
University of Colombo for giving their valuable 
support. Thanks are due to Mr. D.N Liyanage, 
Lecturer, Department of food Science and 
Technology, Faculty of Livestock Fisheries and 
Nutrition, Wayamba University for his valuable 
instructions and encouragement. .

REFERENCES
Anon (1998).SAS Statistical Analysis System User’s 

Guide: Basic Statistics. SAS Institute Inc. Cary, 
NC.

Anon (2005) .USDA National Nutrient Database for 
Standard Reference.

AO AC (1999). Official Methods of Analysis, 16th 
edn. Association of Official Analytical Chemists, 
Washington DC

AOCS (1987). Official and Tentative Methods of the 
American Oil Chemists' Society. 3rd edn. 
Champaign, IL: American Oil Chemists’ Society. 

Arancon, R.N. (1999). Coconut flour, Cocoinfo 
International 6(1), 8-10.

Awasthi, P. and M.C. Yadav. (2000). 'Effect of 
incorporation of liquid dairy by-products on 
chemical characteristics of soy-fortified biscuits,
J. Food Sci. Technol 37, 158-161.

Baencsh, W., L.L.W. C.Yalegama, and J. M. M. A. 
Jayasundera. (2004). “New Technologies of 
processing: part 11 — Process for production of 
virgin coconut oil and low fat/high protein 
coconut flour from coconut kernel. In T.S.G. 
Peris and C.S. Ranasingha (eds.), Tree of life- 
new trends in the millennium (pp.261-263) 
Proceeding held in Colombo, Sri Lanka 
September 8-11, 2004.Coconut Research
institute. SriLanka.

Bemiller, J.N and N.H. Low, (1998). “Carbohydrate 
Analysis.” In S. S. Nielson (ed.), Food Analysis - 
Part II (pp. 172-173). Aspen Publishers, 
Gathersburg, Maryland.

Bilgicli, N., S. Ibanoglu, and E.N. Herken, 
(2005).Effect of dietary fiber addition on the 
selected nutritional properties of cookies, 
Journal o f Food Engineering. Available at 
http://www.sciencedirect.com (Retrieved July 
2006)

BIS (1974) .Specification for Protein-rich biscuits, IS 
7487. Indian Standards Institution, New Delhi.

Chavan, J.K., and S.S. Kadam. (1999). Nutritional 
enrichment of bakery products by 
supplementation with non-wheat foods. Crit. 
Reviews in Food Sciences and Nutrition 33, 189- 
226.

Ekanayake, S., E.R. Jansz and B.M. Nair. (1999). 
Proximate composition, mineral and amino acid 
content of mature Canavalia gladiata seeds. Food 
Chem 66,115-119.

Leelavathi, K., and P. H. Rao, (1993). Development 
of high fiber biscuits using wheat bran, J. Food 
Sci. Technol 30,187-190.

Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. 
Randall. (1951). Protein measurement with Folin 
phenol reagent. J. Biol Chemistry 193,265—269.

Mbofiing, C. M. F., T. Silou and I. Mouragadja.
(2002). Chemical characterization of safou 
(Dacryodes edulis) and evaluation of its potential 
as an ingredient in nutritious biscuits, Forest, 
Trees and Livelihood 12, 105-117.

Pearson, D. (1973). Laboratory techniques in food 
analysis (pp.48-57). The Butterworth Group, 
London, U.K.,

PORIM Test Methods. (1995). (pp. 72-100). Palm Oil 
Research Institute, Ministry of Primary 
Industries, Malaysia..

Salunkhe, D.K., J.K. Chavan, R.N. Adsule, and S.S. 
Kadam. (1992). Coconut in World Oil Seeds - 
Chemistry, Technology and Utilization, (pp. 280- 
325). Van Nost rand Reinhold, New York.

Savoie, L., and S.F. Gauthier. (1986). Dialysis cell 
for the in vitro measurement of protein 
digestibility. Journal o f Food Sciences 51, 494- 
507.

SLS 256:1991, Microbiological Test Methods, Sri 
Lanka Standard Institution, Colombo.

SLS 251:1991, Specification for biscuits, Sri Lanka 
Standard Institution, Colombo.

Trinidad, T. P., D. H. Valdez, A. S. Loyola, A. C. 
Mallillin, F. C. Askali, J. C. Castillo and D. B. 
Masa. (2003). Glycaemic index of different 
coconut (Cocos nucifera L.) -  flour products in 
normal and diabetic subjects, British Journal of 
Nutrition 90, 551-557.

332


