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Abstract

Bllt'kgl'f.n_:/u/: The present study estimated nutrient
composition of walnuts before and afier cooking with
respect o its potential as valuable sourcc of nutricnts
for daily intake.

Method: Walnut fruits were purchased from five
different markets in ljcbu-Ode Jocal government arca
and its environs. The fruits samples were divided
into two portions, labelled R (for raw) and C (cooked).
The C samples were cooked at 100°C for I hr and
allowed to cool to room temperature
both C and R samples were ground and analyzed [or
proximate, macro and micro mincrals using methods
of Association of Official Chemists.

Results: The results obtained showed that both raw
and cooked walnuts arc rich in fat, iron (Fe),
manganese (Mn), and copper (Cu) in amounts that

[3

. The seeds of

Mcthode: Les [ruits de noix ont ¢té achetés dans
cing différents marchés de la zone de gouvernement
local d'ljcbu-Ode et ses environs. Les échantillons
de fruits ont ¢t¢ divisés en deux partics, R marqué
(pour les crus) et C (cuits). Les échantillons du groupce
C ont &€ cuits @ 100 ° C pendant 1 h et ont été
laissées refroidir a la température ambiante. Les
graines des deux groupes d’échantillons C et R ont
¢t¢ broyes et analysés pour les minéraux prochces,
macro ¢t micro en utilisant des méthodes de
I"Association des chimistes officicls.

Résultats: Les résultats obtenus ont montré que lcs
noix a la fois crus ct cuits sont riches en matiéres
grasses, Ie fer (Fe), Ie manganése (Mn) et le cuivre
(Cu) dans des quantités qui sont dans I"apport

Journalicr recommandé par 100 g de graines de noix.

are within daily recommended intake per 100 g of

walnut seeds. They also contained appreciable levels
of protein, phosphorus (P). calcium (Ca), and
magnesium (Mg) but with low content of moisture
(MC), carbohydrate, fiber, sodium (Na) and
potassium (K). Boiling significantly affected the
levels of protein, carbohydrate, ash, moisture content,
fat, nitrogen, calcium, sodium, copper, zinc,
phosphorus. potassium, mangancse and iron

Conclusion. The study reveals that walnut is
nutritious duc to its appreciable level of protein and
presence of various essential and macro minerals.
Its low content of sodium and potassium is beneficiary
in hypertensive condition as snack. The study suggests
future bio-fortification of walnut with zinc, which may
bring about a co-increase in Ca and protein content.

Keywords: Nutrient composition, raw and cooked
Walnuts, Tetracapidium conophorum.
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[Is contenaient également des taux apprcéciables de
protéines, de phosphore (P), de calcium (Ca) ct de
magnésium (Mg), mais avec une faible tencur cn
humidité¢ (MC). de s glucides, de fibres, de sodium
(Na) ct de potassium (K). Le point d’ébullition a
significativement affecté les niveaux de protéines, de
glucides, de cendres, de tencur en humidité, de graissc,
d’azote, de calcium, de sodium, de cuivre, de zine, de
phosphore, de potassium, de manganése et de fer
Conclusion: L'éude révéle que la noix est nutritive
en raison de son niveau appréciable de protéines ct
la présence de minéraux essenticls et macro. Sa faible
tencur en sodium et potassium cst bénéficiaire dans
un ¢tat hypertensif comme gotiter. L'étude suggére
future bio-fortification de la noix avee le zinc, cc qui
peut entrainer unc augmentation simultanée en Ca ct
cn teneur de protéines.

Mots-clés: Composition des éléments nutritifs:
noix crues et cuites, Tetracapidium conophorum.

Introduction .
Walnut is a general English name for small ﬂm‘vcrmg
plants that bear nuts, they are pomnlnr for their nuts
and timber, which are valuable llgl'lC'lllllll'i‘ll pmdu?c.
Walnut comprises ol different l‘zlm‘lly of nuts \'v‘nlllj
peculiar characteristics that are region spccnﬁlc. l‘lu,
three documented familics of \\lelmnlzn'c‘:,. n.nn:t Iy
Juglandaccac (specics Jungla /'uglallzs‘n1u1)l.nm):
sated in Europe and New world and its con i
| ac (specics
as

culti . -
name in English is walnut); Euphor lmltl oo
< Sl - ,

i . ‘ommonly kno
> L A— m conophorum, ¢ MG TR
Tetracarpidiu / | in Nigeria, Camceroon

African walnut is cultivatec
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and Ghana); and the ‘Olacaccac family (specics
Coula edulis, also known as African wahut, is mostly
grown in Congo, Gabon and Liberia) [1].

African walnut, Tetracarpidium
conophorum, grown in Nigeria, belongs to the family
EuphorBiaccas. Itis & woody perennial ¢limber found
in the forest regions of Africa and India and its
alternative scientific name is Pluckennetia
conophora Mull. (Arg) [2, 3, 4]. As described by
Willis [§] but with modifications, African walnut
bears fruits in capsules which are greenish in colour
when immature and greenish yellow when fully ripe.
The capsules contain four sub-globular sceds in
enclosed hard dark brown or black shells, commonly
refer to as kernels. The kernel consists of two bumpy
lobes which arc off-white in color and covered by a
thin crcam coloured skin.

In Nigeria, African walnut is an cconomic
important forcst plant that is cultivated for the
production of its valuablec nuts. It is a scasonal fruit
grown by.pcasant farmers who inherited walnut farms
from their grandparents. Walnut became a food plant
from time immemorial and is traditionally caten after
boiling the nut, as snacks, in most part of Nigeria [6,
7, 8]. Nigerian local names for walnut include
“awusa” or “asala” (Yoruba), “ukpa’ (Igbo), “okhuc™
or “okwc™ (Benin), “ckporo” (Efik and lbibio). It is
popular across major towns in southern Nigeria such
as Akamkpa, Akpabuyo, Abak, Etinan, Ibadan, Ijcbu-
Ode, Kogi, Lagos, Ogbomoso, Oyo, and Uyo [9, 10].
is known as “kaso’ or “ngak’ in western Cameroon
and scrves as an edible nut between meals [11].

Numcrous health bencfits of walnut have
been reported apart from its usc as food. There are
reports on its folk-lore use as medicine, which include
trcatment of prolonged and constant hiccups [12],
reduction of diabcetic complications [13], anticancer
property [14], and male-fertility agent [15]. It is also
uscd as herb to detoxify kidneys, strengthen the back
and knces, moisten the intestines, cure constipation
and asthma that arc not acutc [9]. Phytochemical
analysis of African walnut indicates that it contains
uscful organic compounds such as omega-3 fatty

acids and phytosterols that may reduce the risk of

cardiovascular discascs and level of cholesterol [16,
17]. It also contains phytates, flavones, and
phytocstrogens that improve prostate cancer and
mcnopausal symptoms [18, 19]. Ajaiycoba and

Fadarc [15] reported the anti-microbial activitics of

walnut and it was also rcported to posscss
hypolipidemic effects when caten [20], suggestive
of the presence of alkaloids [9].
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A good number of rescarch studics have been
carricd out on Alrican walnut, most cspecially on its
chemical components. Ganiyu and Mofoluso [21]
determined the proximate, minerals, antinutrient
composition and zinc bioavailability among some
Nigerian wild sceds including Afvican walnut. Edem
et al. [4] cstimated the proximate composition and
heavy metal content of Alrican walnuts obtained in
Calabar and Ayoola ¢t al., [9] cvaluated its
phytochemical composition to ascertain its uscs as
medicine. However, these studices did not include
walnuts collected in Ijebu-Ode and its environments
in southwestern Nigeria, where walnuts arc abundant
and have been domesticated for decades. More
importantly, a detailed nutritive analysis and cffect of
cooking that could boost knowledge on the potential
of both raw and cooked walnuts to contribute to the
daily nutrient requircment and improved health is
rcquired. Furthermore, many of the studics were
carricd out on raw walnuts rather than on the cooked
form that it is consumed by Nigerian populace. The
purposc of the present study was to cstimate nutricnts
in walnut sceds, evaluate the effect of boiling on these
nutricnts and its contribution to nutrient requircments.

Materials and methods

Sample collection and preparation

Raw walnut samples were purchased, randomly, from
five popular local markets within four local
government arcas (LGAs), around Ijecbu-Ode LGA
and its environs in Ogun state, namely, Okec-Aje
(Ijcbu-Ode LGA), Imushin market (ljcbu-East LGA),
J4 market (Ijcbu-East LGA) Mamu market ([jcbu-
North LGA) and Ejinrin (Epe LGA). The walnut
samples were kept in polythene sample bags and
transported to Chemistry laboratory, Tai Solarin
University of Education and Central Laboratory,
University of Ibadan, Ibadan for laboratory analyscs.
Thirty wholesome walnut fruit samples were
handpicked from the lots purchascd at the five
different markets. The sclected samples were washed
with decionized water, divided into two parts and
labelled as raw (R) and cooked (C). The nuts from
the C samples were boiled at 100°C until palatable
(for about 1h) and allowed to cool to room
temperature. The seeds of both the C and R samples
were then removed, cleaned with deionized water
again and wiped with new cleaned tissue paper and
thercafier, chopped into smaller picces using a knife
with steel blade. The C and R samples were divided
into sub-portions lor proximate, macro-mineral and
micro-mincral analyses. Each sub-portion of R and
C samples in four replicates was dried in a hot-air
oven at 65°C for 5 min and ground using a laboratory
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attribon mill. The powdered samples were sieved into
#mm particle sizes and stored in serew capped bottles
at 4°C for further analyscs.

Assay methods

/ - ‘QUS CUC Crare s .
Analyses were carried out on the prepared four

rcphcalc samples using modified standard methols
ol AOAC‘ [22]. Dry matter was determmined by ()\'c;l
dry'mg 3.0 g of 4mm particle size sample at 65°C
unul)u constant w"cighl Is assumed (Thermostat oven,
DNP-9022-1A, Everichmed, ¢ hina) and its value was
taken as the proportion of the final weight in crccn}
while the moisture content wag taken as proporti n
of weight loss also in pereent. Ash conilcnt {’:/'IS' ;)l
combustion of 1.0 g of 4mm particle sizes at 500%
for 4h in a muffle furnacc (SXL-1208, Gallenkomp
England) and left to cool overnight to rooi\;
tempcrature, the ash content was mcasured as the
residual weight proportion in pereent and kept at 4°C
for clemental analysis.

Macronutrient analysis

Crude protcin content was determined in digested
samples based on micro Kjcldahl method (% total
N x 6.25, KDN-102C, Shanghai QianJian, China).
The crude fat was extracted in petroleum cther
using Soxhlet extractor at 40 - 60°C. Crude fibre
was obtained by step-wisc digestion of 1.0 g fat-
free dry matter in H,SO, and NaOH, the gencrated
residuc was oven dried overnight at 120°C and
cooled at 60°C for 2hr in muffle furnace and its
proportion is mcasurcd in percent. The total
carbohydrate of the flour samples were calculated
by difference.

Mineral analysis
The clemental compositions were also determined
according to the mcthods described by AOAC
[22]. A gram ash of cach sample was digested,
subscquently. in a mixturc of 2.5 ml scleniunVH, SO,
(3.5g S¢/1L H,SO,) at 220°C and later in 3ml of
hydrogen peroxide (H,0,) at 350°C. The residuc
obtained was re-suspended in sclenium/H,SO |
mixturc and analyzed for phosphorus (P), sodium
(Na), magncsium (Mg), mangancsc (Mn),
potassium (K). calcium (Ca), iron (Fe¢), zinc (Zn)
and copper (Cu). Phosphorus was dctermined
using colorimetric method; calcium, potassium and
sodium were determined using Jenway Digital
Flamec Photometer (PFP7 modcel) and other
mincrals were determined using Buck Scientilic
Atomic Absorption Spectrophotometer (BUCK
210VGP modcl).

313
Statistical analvsis

The collected data on the nutrients composition of
both raw and cooked walnuts were subjected to
descriptive statistics for precision measurcs. Analysis
ol Variance (ANOVA) for detection of significant
dilference in the nutrient-contents between the raw
and processed (boiled) walnuts and among replicate
samples was also carried out. Pearson corrclation
analysis was uscd to cvaluate any uscful pair-wisc .
relationships among the nutrients for possible bio-
fortification objectives in walnuts. Statistical
Analysis System software package (SAS, 2002) was
uscd to carry out the analyscs.

Results

Levels of macronutrients and minerals in raw and
cooked walnuts

The descriptive statistics of proximatc composition
of both raw and boiled walnuts arc as shown in table
I and figurcs la to 1d show the trend of nutrient’
level between the raw and cooked walnuts. The
figures indicated that among the proximate, the levels
of MC, ash and COH were higher in the raw nuts
than in the cooked nuts while levels of protcin and
fat were higher in the cooked nuts. Among the macro-
mincrals, raw walnuts were slightly higher in
phosphorus (P), magnesium (Mg) and potassium (K)
contents, but with lesser levels of nitrogen (N),
sodium (Na) and calcium (Ca) than thec cooked
walnuts. It was also obscrved that among the micro-
mincrals, raw walnut sceds had higher levels of
mangancsc (Mn) and iron (Fc) than boiled walnuts
while levels of copper (Cu) and zine (Zn) were higher
for boiled walnuts. In a summary, cooking incrcascd
the levels of protein, fat, nitrogen, sodium, calcium,
copper and zince but reduced the levels of ash,
carbohydrate, moisturc content, iron, magnesium,
mangancese, phosphorus and potassium.

Variation and effect of boiling on nutrient levels of
walnut seeds

The results obtained revealed that the levels of protein,
fat, nitrogen, calcium, sodium, copper, and zinc in raw
walnut increased with boiling by 28.9%, 10.4%,
41.5%, 7.4%, 30.2%, 14.7% and 5%, rcspectively,
while carbohydrate, ash, moisturc content,
phosphorus, potassium, mangancsc and iron
decrcased with boiling by a proportion of 33.9%,
20.1%, 75.7%, 8.2%. 1.8%, 11.7%, and 59.8%,
respectively. However, the mean level of magnesium
in both raw and boiled walnut remained the same. A
very large variation was obscrved across all the
assessed walnuts for protein, lat, carbohydratc,
moisturc content, Na, Fe¢ (P<0.0005) and Mn
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Table 1: Descriptive statistics for nutrient composition of Raw and Boiled Walnuts

Nutrients

Category Mecan SD SL:(+) QY Range Min. Max.
Raw walnut
Proximate MC 0.74 0.00 0.04 11.93 0.18 0.65 0.83
composition Protein 15.09 0.36 0.18 242 0.79 14.6 1539
(£/100g) Fat 45.606 0.87 0.4 1.91 1.79 44 88 46.67
COtl 34.53 0.92 0406 2.60 1.7 33.72 3542
Ash 5.37 0.43 0.22 R.09 0.95 5.06 6.01
Ca 0.47 0.02 0.01 347 0.4 0.45 0.49
Macro- Mg 0.27 0.01 0.01 4.87 0.03 0.25 0.28
mincrals P 0.37 0.05 0.03 14.63 0.12 03 042
(g/100g) N 2.26 0.48 0.24 21.27 1.03 1.82 2.85
K 1.05 0.02 0.01 2.03 0.05 1.03 1.08
Na* 0.054 11.56 5.78 2.15 20.92 527.09 548.01
Mn 43.57 1.28 0.64 2.94 298 42.08 45.06
Micro- Fe 362.1 3.63 1.81 1 7.85 358.17 366.02
mincrals Cu 10.71 0.48 0.24 448 0.99 10 10.99
(mg/Kg) Zn 16.51 0.38 0.19 23 0.8 16.04 16.84
Boiled walnuts
MC 0.18 0.05 0.03 3043 0.12 0.12 0.24
Proximate Protcin 19.45 0.75 0.37 383 1.34 18.78 20.12
composition Fat 50.42 0.67 0.34 1.33 1.33 49.78 SL11
(g/100g) COH 22.83 0.15 0.08 0.68 0.34 22.67 23.01
Ash 429 0.27 0.14 6.33 0.60 3.99 4.65
P 0.34 0.03 0.01 8.85 0.07 0.31 0.38
Macro- N 32 0.41 02 12.7 0.93 2.83 3.76
mincrals Ca 0.51 0.02 0.01 4.12 0.05 048 0.53
(g/100g) Mg 0.27 0.02 0.01 7.86 0.05 0.24 0.29
K 1.03 0.01 0.01 1.39 0.04 1.02 1.05
Na* 700.08 11.62 5.81 1.66 22.31 688.92 711.23
Micro Mn 38.47 1.23 0.62 3.21 2.89 37.02 3991
mincral Fe 145.74 435 2.18 299 10.57 140.45 151.02
(mg/Kg) Cu 12.29 0.59 03 48l 1.21 11.68 12.89
Zinc 17.33 0.5 0.25 2.89 1.14 16.85 17.99
Overall Saumples
MC 0.46 0.31 0.11 60.73 0.71 0.12 0.83
Proximate Protcin 17.27 24 0.85 13.87 552 14.6 20.12
composition Fat 48.04 2.65 0.94 S.51 6.23 44.88 SLI
(g/100g) COH 28.68 6.28 222 21.92 12.75 22.67 3542
Ash 4.83 0.67 0.24 13.82 2.02 399 0.0l
P 0.35 0.04 0.02 12.3 0.12 03 042
Macro- N 2.73 0.65 0.23 23.77 1.94 1.82 3.76
mincrals Ca 0.49 0.03 0.01 523 0.08 045 0.53
(2/100g) Mg 0.27 0.02 0.01 6.03 0.05 0.24 0.29
K 1.04 0.02 0.01 1.87 0.07 1.02 1.08
Na* 618.81 87.53 30.95 14.15 184.14 527.09 711.23
Micro- Mn 41.02 297 1.05 7.23 {04 37.02 45.00
mincrals Fe 253.92 115.71 4091 45.57 225.57 140.45 360.02
mg/Kg) Cu 11.5 0.98 0.35 85 2.89 10 12.89
Zinc 16.92 0.6 0.21 3.57 1.95 16.04 17.99

MC, maisture content; COH, carbohydraie.

*Sodium values are exponental of 10

(P>0.005) and a slight variation for N (P>0.05) but

there was no significant variation for ash, P, Ca, Mg,
K, Cu, and Zn.

The variation observed for the varied

nutrients was contributed by the strong interaction of

the state of walnut (cither as raw or boiled) and
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Table 2; i
3 2 Analysis ol vaciaive -
VSI8 anance dese ‘¢ statistics lor ellect of i i
¢ eseriptive statisties for eflect of replicate, boiling and their interaction on walnut
£ <

Nutrients

Mean  Model :
e Replicates Processing replicate* Processing
S . i (Raw*boiling sine S
Vo Buat R Pral pre o wss ml’fr) Fooss weF o 8S
Square (SS) o Fr=f 58
Proximate composition &/100g
Protein 17.26 Bins ,'
Fat B (‘;:‘;(‘\ 40.08 0997  *xx  xx T
COl 2868 5,958 g 0996 wrx . ey e 81 0.27
MC 046 p '(:| 276.47 0.999 *ok K i ]'( o P 45.36 wx 3.93
e = 8 fesy 0997  wxx . 27389 HFE 89
Macro-mineral g/100g . 255 0.82 ns ns 8.7 l- * g(;z-‘ " CAles
Na* 6188 T 2o 5 . \ . LI
N S ;;:4 .:2(\34.93 0.985  wxx o ’ é
ot s sl B LT . 8-;?(’ . 5282875 *** 52|
Mg 0265 cay 003 0714 g : ’ = = U
. 265 5.34 0.00] ns 0.0008  ns 0.002
K 1.04 5 e ; . e
: 132 0002 o7 s 2 OOh 00 ns 00
P 0.35 14 ' ns s 0 ‘ ;
' . 1 0.003 0.24 : § 001 ns 0.001 ns 0.000
:l/c'm- minerals (mg/Kg) < ns ns 0.002 ns 0.002 ns 0'00 1
¢ 2539 . S
iy - 50' i .63 9364745 099 wex YL
ol a1 .()7 R -3; 5.19 0.77 ns ns 0'()2 * sl 050
L, s .72 5961 096  ** e —v S 498 ns 0209
I 162 2278 s 0767 ns  ns 0396 5212 ns 0004
uncan Groupingj between Ravw (R) and cooked (C) walnuts o i w wle
Protein  Ash  Fat  COIl MC p N .C"n Me
R B A B A A & B 8 & 3 > M OB& ®m
o % B ' & E g . 2 © 8 A B A A B B
% 289 20104 2339 276 82 415 74 o hog B B B 4
= . -1.8 302 -12  -60 147 4.99

i I( . IUI‘.\'“”'( K¢ 5 ari 4 fici : - 7!
{ l‘ content, ( ()II. car /’U/I](II ale; ( I. ('“(//“ 1ent U_/ \'(ll'i(l/ii)ll.' R . CO¢C /]I('i("’[ ”/’H('('(/7llll’i/i1l" P['SI- [)I'()h lh ./‘/
. g anmiiuy greater

than I° value.

Py 7
 Significant at the 0.05 probabiliylovel: **, significant at the 0.005 probability level, =+

ns. non-significant at the 0.03 probability level

FDiiiae G e o - i

1can grouping assigned letters to show significant difference benween raw and cooked walnuts. However swhen b 1k
% 5 q a7k s 7 g sy 3 e ¥ ’ < .
same letter; then they are not significamtly different in their mean levels (

$6. i
Sodium values are exponential of 107

slightly by individual replicate of walnuts (Table 2).
Strong effect of boiling was further manifested in
the levels of ash, Cu and Zn that were obscrved not
‘f’ b}‘ significant across samples but showed
Slgmﬁczml variation in their levels between raw and
blmlcd walnuts. In contrast, levels of P. Ca and K,
Liz:;ﬁtm‘l‘l’cm;'z‘l‘f'l.'cctcd by boi ling' hul'wcrc not
Walnlu; Tl;y‘(‘lf“tc-l ent lo levels ().blzl.n}cd n lﬁc raw
the IC\'cis OFF;‘O: L bo‘l!mg had significant c!lgcl on
content, T\{q ()Ft‘lllr.wuudc carbohydrate, m(tlslurc
Zn (P<0,03) b‘u‘t hL"j n ('[T<()'.(‘)0()5). Zl.?'h. N, Cu :I!l(l
e, and K. G ‘t'l( no 51gmhczml cilect on P, Qu,

Provided o ¢loqy %dn l‘{]ll.lllpl(.‘ range test grouping
the Nulriens h«m;:tll representation ol‘ variation ol
Dased on (e b ""wtlc_ﬂ lhc‘ raw and boiled \\f:ﬂl]l!ts.

them i groy l.( ‘!.l(m of their means. by assigning
Ps using letters A and 3. where means

osignificant at 0.0003 probability level:

has the

AT o9, :
o .increased /decreased in percentage

with the same letters are not significantly different
(table 2).

Relationship among nutrients of raw and cooked
walnuts

Pcarson correlation analysis was used to estimate
the signilicant relationship among nutrients between
raw and boiled walnuts for possible bio-fortification
and breeding objectives. The result revealed that
boiling of whole walnut fruits was significant with
protein, N, fat, Ca, Na, Cuand Zn but inversely related
with ash. carbohydrate, moisture content, Mn, and
Fe but was insignificant with P, Mg and K (Table 3).
The result means that the levels of protein, N, fat,
Ca. Na. Cu, and Zn incrcase with boiling while that
of ash. carbohydrate, moisture content, e and Mn
decrease. Therclore, the Pearson correlation significd
that boiling had positive offeet on levels of crude
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Table 3: Relationships between raw and boiling tor nutrients based on Pearson correlation analysis method

Protein  Ash P N Fat COH MC Ca Mg K  Sodium Mn [ron Cu Zinc
Processed  0.98***  -086** ns  0.77¢  0.96***  -0.99** -0.98***  (.73* ns ns  0.99%** -0.92%*x  _(0.99*%**  (.86* 0.73*
Protein 1 -0.80* ns 087* 095%%+ og¥*x g5+ 0R2* ns ns  0.97*** -0.82* -0.97***  (0.85* 0.83**
Ash ] ns ns -0.74* 0.88** 0.79* ns ns ns  0.83* 0.83* 0.87** -0.76* ns
P 1 ns ns ns ns ns ns ns ns ns ns ns ns
N 1 0.71* -.82* ns 0.94***  nsg ns  0.79* ns 0.76* ns 0.87**
Fat 1 <094 _0,99*%**  (.72* ns ns  0.96*** -0.89** -0.96***  (0.79* 0.79*
COH 1 0.95%**  0.76* ns ns  -0.99%** 0.89*** (. 99*%*x  _(86*¥*  .74*
MC 1 ns ns ns  -0.96*** 0.93** 0.97***  0.79* -0.73*
Ca 1 ns ns  0.79* ns 0.71* @72* 0:92%%%
Mg | ns ns ns Ns ns ns
K 1 ns ns Ns ns ns
Sodium 1 -0.89%**  .0.99***  (.83** 0.78*
Mn 1 0i05** 0.74* ns
Iron 1 -0.86* -0.71*
Cu | ns

MC. Moisture content: COH. carbohvdrate: Ca, calcium: Cu. copper: K, potassium; Mg, magnesium, Mn, manganese; N, nitrogen; P, phosphorus

* Significant at the 0.03 probability level: **, significant at the 0.005 probability level: ***, significant at 0.0003 probability level; ns, non-significant at the 0.03 probabilit: level.
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protein. N, fat. Ca, Na, Cu. and Zn and negative effect
on levels of carbohydrate, moisture content. Mn, and
Ie but with no effect on levels of P, Mg and K. The
result of correlation analysis supports the
alorementioned results and the preceding results
obtained in ANOVA. Table 3 also reveals relationships
between pair of nutrients, the result showed that
protein was positively correlated with N, fat. Ca, Na.
Cu, and Zn but negatively corrclated with ash,
carbohydrate, moisture content, Mn, and Fe.
Therefore, as level of protein increases in walnut
sceds the level of N. fat, Ca, Na, Cu and Zn also
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recently, Udedi et a/. | 10] for only proximate
composition in both raw and cooked walnuts from
AKwa, Anambra state. The present study evaluated
major and minor nutrients that are required by
Nigerian populace in both raw and cooked walnuts
from ljebu-Ode LGA and some other close by LGAs
in Ogun state and also evaluated the effect of boiling
on the walnut nutrient content as additional
knowledge to nutritive value of walnuts. The
estimated abundance of the minerals obtained in
\}’a|l]llts assessed in the present study was in the
following decreasing order: N> K > Ca > P > Mg >
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Fig. 1a —d: Level of nutrients in raw and boiled walnuts

*S = level * factor of 5 and *10 = level * factor of 10, *1000 = level *factor of 1000

increases but level of ash, COH, MC. Mn and Fe
decreases and vice versa. Phosphorus and magnesium
were observed not to be significant with any of the
other assessed nutrients.

Discussion

There are earlier reports on the nutrient composition
of walnut from diverse states/cities in Nigeria. Edem
et al. [4] reported the proximate and some minerals
alues for raw walnuts collected in Calabar. Cross
river state. Also, Ayoola et al. [9] reported on raw
walnut in Ajaawa area of Oyo State and more

Na > Fe > Zn < Mn > Cu, which perhaps may
represent their order of bioavailability in nature.
Based on close observations, levels of protein
and MC obtained in the present study for walnuts
from ljebu-Ode LGA and its environs are lower than
those reported for Akwa, Calabar, and Oyo with an
extreme high value of MC for Oyo, while ash and
COH are within range but also with extremely high
value for Calabar. A very high fat content of up to
half of total energy proportion was obtained for ljebu-
Ode LGA and Akwa when compared to very low fat
content reported for Oyo and Calabar. Fibre content
was reported only for Anambra and ljebu-Ode but
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the obtained values were low, which might be
indicative of walnut as a poor source of fiber. The
mincral levels obtained in the present study are higher
than thosc of carlier reports except for level of Mg.
Therefore, the walnuts from ljebu-Ode and its
cnvirons are richer in mincrals than those ol Oyo,
and Calabar. The presently observed disparities in
the reported values of nutrient composition in raw

walnuts across Nigeria might be as a result of

differences in the geographical zone, soil types,
analysis techniques/cquipment and walnut varictics
resulting into influence of genotype by environment
interaction. Based on literature, the range of protein
content reported in African walnuts across diflerent
parts of Nigeria is within the range of'3.21 and 43.5%
for protein rich fruits and nuts [24]. which indicates
walnut as a good source of protein for having 12%
of its energy as protein |25]. Generally, based on the
present and previous reports, walnuts have low levels
of fiber, ash, and moisturc content as obtained in other
nuts but with higher levels of macro-mincrals and
micro-mincrals [26]. The low water content reported
in walnuts is beneficial to the nut by providing it with
good shelf life. Walnut could also serve as a limiting
sourcce in restricted dicts of carbohydrate, potassium
and sodium.

The levels of protein, fat, nitrogen, calcium,
sodium, copper, and zinc in raw walnut were observed
to significantly incrcasc with boiling while that of
carbohydrate, ash, moisture content, phosphorus,
potassium, mangancsc and iron significantly
decrcased with boiling. Though, the mcan levels of
P, Ca and K werc affected by boiling but were not
significantly different to levels obtained in the raw
while that of magncsium remained the same in both
raw and boiled walnut. The increcasc observed in the
levels of protein, fat, nitrogen, calcium, sodium, copper
and zinc perhaps could be due to their release from
their bounded forms. It is noteworthy that during the
process of boiling, many membranc bounded enzymes
could be rcleased and some proteins could undergo
denaturation, which might lcad to the release of
nitrogen and increcase protein content. In addition,
somce mincral salts could decomposc into their mineral
compositions during the process of boiling and also
boiling could causc Icaching of nutrients from the hard
outer shell into the sceds.

The reduction encountered in the level of P,
K, Mn, and Fe by boiling may be an aftermath of the
dccomposition of their mincral salt by heat which
causcd a concentration gradient and their conscquent
loss into the boiling water. This may be responsible
for the decrease observed in the percentage ol ash in
the cooked walnuts. Ina similar study, only the levels
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of crude fat and carbohydrate were decrcased witl
a proportion of 59 and 18%. respectively, while the
levels of moisture content (93.5%), protein (21.7%)
and fibre (50%) incrcased but ash content remainec
the same after cooking [ 10]. There is limited literaturg
on walnuts to compare the present results with, bu
when compared with Udedi ez al. [10], only increase
in protein and decrcased in carbohydrate level upor
cooking corroborated while the rest of the proximate
composition were not in agreement. However, fol
studics on other nuts, Abdusalami and Sherifl [26
also obscrved incrcased protein, fat and a reductior
in carbohydrate and ash content in Bambare
groundnut as obtained in the present study but with
slight increasc in Ca, Fe, and Mg.

Evaluating the adequacy of nutrients in 100g
of raw and cooked walnuts using RDA values [27
showed that among the proximate composition, onl)
fat content in both raw and cooked walnuts met the
daily reccommended dictary requirement/intak
while the rest were inadequate but with appreciabls
level of protein, which accounted for 30% o
estimated average requirement. The levels o
macro mincrals were modcrate as previously
mentioned providing about 50% of daily averag
requircment in 100g cxcept for Na and K
Thercfore, walnut is a good source of P, Ca, anc
Mg for maintaining strong bones and tecth. More
importantly, the levels of micro mincrals, cxccp
Zn, in raw and cooked walnuts could cater for daily
average requirements in 100g of walnut per day
and they arc all within safe limit [28]. The level o
micro mincral contents obtained in the presen
study indicates its potential as sourcc of co-factors
for many cnzymes and proteins involving in cel
rcgulation and mctabolism, and also, as a ricl
source of Fe, it can prevent anacmic conditions.
The level of crude fat content obtained in both raw
and cooked walnuts in the present study anc
previous studies qualified it as an oil rich plant [29.
30]. Fat is an alternative source of energy during
glucosc depletion in the body, it also helps in
absorption and storage of fat soluble-vitamins anc
development of tissucs and cell wall but high intake
of unsaturated fat could lecad to heart problems [31,
32]. The inadequate level of zine obtained in 100g
of walnut asscssed for daily dictary requircment
necessitates bio-tortification of the walnuts with
zinc as a limiting micro-mincral, which may
increasc its utilization as snack among pregnant
and child-bearing age women. The relationships
among the nutrients arc usclul for any bio-
fortification objectives, for example, the strong
positive relationships among Ca, N and zine could
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be explored for nutricnt improvement in walnut.
Bio-fortification of walnut with any of these
mincrals could bring a corresponding increase in
the other two minerals.

Conclusions

The result of the present study revealed that both
raw and cooked walnut sceds collected in Ijebu-
Ode LGA and its environs contained appreciable
level of protein, phosphorus (P), magnesium (Mg),
calcium (Ca), iron (Fc¢), mangancse (Mn) and
copper (Cu) in 100g. which the body requires for
proper growth, cell functions and metabolism. The
study also showed that walnut sceds are rich in
crude fat, which may qualifics it as an oil rich plant.
Low level of moisture content of the seeds showed
that they might possess long shell life. The results
of the nutrient composition revealed that both the
cooked nuts (as snack) and raw nuts (perhaps as
concoction) arc good sources of some minerals and
therefore can be used to combat mineral
deficiencies in Nigeria. In addition, walnut contains
low levels of sodium (Na), potassium (K) and
carbohydrate and therefore, is benceficial in
hypertensive and diabetic conditions as snack and
could be a limiting source in their restricted dicets.
The present study suggests future bio-fortification
of walnut with zinc, which perhaps may bring about
co-increasc in the limiting mincrals such as Ca and
richer protcin content. Also important is the
characterization of its fat composition to cnable
its maximum utilization for improved health.
Therefore, the present study was able to provide
detailed nutrient composition and health benefits
of cating walnut as snack.
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