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Nutritional evaluation of the germ meal and its protein isolate
obtained from the carob seed (Ceratonia siliqua) in the rat

By N. J. DROULISCOS anp VASILIKI MALEFAKI

Department of Biology, Nuclear Research Centre Democritos Aghia Paraskevi Attiki, Greece
(Received 31 January 1979 - Accepted 20 June 1979)

1. Evaluation of the germ meal (CGM) of carob seed (Ceratonia siliqua) and its protein isolate was carried
out with weanling rats. Comparisons were made with casein, soya-bean meal, whole defatted egg and a
soya-bean protein isolate (Promine-D) as protein sources. The growth-promoting effects and certain
biological indices were evaluated using the protein efficiency ratio (PER), biological value (Bv) and net protein
utilization (NpuU) bioassay procedures.

2, The unsupplemented CGM had a Per of 1'6640-09 and an Npu of o0-58+0-013. Addition of DL-
methionine at 4, 8 and 12 g/kg diet resulted in a PER of 1-953-0°11, 2-01 +0'11 and 1-9040°11 respectively.
The corresponding Bv values were 0-8040-003, 0-78 + 0-015 and 0-74 +0-011, and those for NPU 0-69 +-0-013,
066 +0-026 and 0-63 +0-020 respectively. The addition of amino acids improved the PER (2:24-2-59), BV
(0-78-0-79) and NPU (0-71-0-73) values.

3. The Bv and Npu assays for the unsupplemented carob germ isolate were low (Bv 0:36 £0'016, NPU
035 40°015). Supplementation with amino acids resulted in a positive increase with values of 0-66+0-013
and 0-64 £ 0-013 for Bv and NPU respectively.

The nutritional potential of certain agricultural by-products has not been adequately studied,
a fact that limits their utilization as animal food ingredients. The shortage and high prices
paid for protein concentrates in livestock feeding has stimulated nutritional and economic
feasibility studies of by-products and wastes as sources of protein. It appears therefore that
the resources in such products need to be further exploited and thoroughly evaluated
nutritionally.

Carob germ meal (CGM) is a by-product obtained from the germ of the carob seed
(Ceratonia siliqua) after the separation of gums and the fibrous coating of the seed. The
milled germ has a uniform consistency and is a light greyish colour. It provides in the dry
state as fed, approximately 955 g dry matter and 426 g crude protein (nitrogen X 6-25)/kg.
The current annual production of this by-product in Greece is approximately 2000 t and is
likely to increase.

The literature contains only one report by Ferreira (1964) of the evaluation of CGM
protein. The CP content varies from 488 to 507 g/kg and biological indices (biological value
(8v) 0'51, protein efficiency ratio (PER) 1-20) have been reported for the rat.

In the present study well-established rat bioassay procedures were used to assess protein
quality and obtain information on the nutritional value of CGM. An attempt has also been
made to prepare a protein isolate from the CGM and evaluate in a comparative study its
performance in the rat. The biological indices measured were Bv, net protein utilization
(NPU), PER and growth response of the rats to different levels of amino acid supplementation.

EXPERIMENTAL
Analytical procedures

Standard methods tor moisture, CP, diethyl ether extract, crude fibre and ash were those
described by the Association of Official Analytical Chemists (1970). Gross energy was
determined in an adiabatic bomb calorimeter (Gallenkamp Co.). Total phenolic compounds
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Table 1. Composition of carob (Ceratonia siliqua) germ meal (CGM)* and
CGM protein isolate

(Mean values of two determinations)

Analytical composition CGM (g/kg) CGM protein isolate (g/kg)
Moisture 450 140
Total nitrogen 682 141-9
Diethyl ether extract 566 —
Crude fibre 499 —
N-free extract 3746 —_
Total ash 477 —
Total energy (MJ/kg) 18-8 19-8
Total phenolic compounds 43 30

Amino acid profile (g/16 g N)

Aspartic acid 747 7-00
Threonine 316 2:51
Serine 423 402
Glutamic acid 25-26 27-80
Proline 431 1-87
Glycine 4'43 423
Alanine 384 2-96
Valine 406 216
Isoleucine 313 2'1§
Leucine 578 586
Tyrosine 2-78 2-00
Phenylalanine 2:61 2'30
Lysine 516 451
Histidine 2-29 2:29
Arginine 1155 12°40
Methionine 1'i6 047
Cystine 1-63 048
FDNB, fluorodinitrobenzene reactive lysine 470 347

* The part remaining after removal of gums and seed coat.

were extracted by boiling 0-5 g CGM in 100 ml distilled water for 30 min and estimated in
the filtrate by the Folin-Denis colorimetric method as described in the Association of
Official Analytical Chemists (1970). The proximate composition of CGM and its protein
isolate and the amino acid profile are given in Table 1.

Amino acids were determined by column chromatography using a Spinco Beckman
120-C automatic amino acid analyzer (Beckman Instruments, Palo Alto, Calif. USA).
The samples were weighed and 6 M-hydrochloric acid added in glass-tubes frozen in liquid
N, and vacuum-sealed. The ratio of sample to hydrochloric acid was 1 mg sample: 1 ml acid
and the hydrolysis continued for 24 h at 110°. The hydrolysate was then filtered and the acid
removed by evaporation under reduced pressure. The residue was taken up in 6 ml 0-2 M-
sodium citrate buffer, pH 2-2, For the determination of sulphur-amino acids the samples
were first oxidized with performic acid for 18 h according to the method of Lewis (1966)
before acid hydrolysis. Fluorodinitro-benzene-reactive lysine was determined by the method
of Carpenter (1960) as modified by Booth (1971). All analyses were replicated and accepted
with a deviation from the mean value not more than 5%;.

Preparation of the protein isolate
A measured quantity (75 g) of the CGM was used, suspended in 1] water and the pH
adjusted to 1-5 with hydrochloric acid. The suspension was stirred for 1 h at room tem-
perature and the supernatant fraction was separated after centrifugation (4000 g for 20 min).
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The residue was washed once with 500 ml water and the supernatant fraction collected after
centrifugation. Protein in the combined supernatant fractions was precipitated at pH 45.
After washing with water the protein was separated by centrifugation and freeze dried.

Animals
The rats used for the bioassays were of both sexes and of the Hooded strain weighing
45-50 g for PER and NPU (carcass analysis) tests and 75-80 g for the N balance study. The
number of rats varied from six to ten for PER, a total of eight rats (four in each of the
duplicate tests) for the NpuU and four to five for the N balance. For each of the balance
experiments the rats were placed in individual cages equipped for the separation of faeces and
urine and the measurement of food intake. The experimental period lasted for 10d (5d
preliminary and 5d collection). For Npu determination the rats were caged in groups of
four and the experimental period lasted for 10 d preceded by a 5d preliminary period.
In the PER experiment the rats were caged individually and the experiment lasted for 28 d.
Food was offered ad lib. for PER and NPU tests and a premeasured quantity of food calculated
to provide 150 mg N and 10 g dry matter/rat per d was offered to each rat for the N balance
tests as described by Eggum (1973). All animals were maintained under controlled tem-
perature (21+1°) and humidity (55%;) conditions.

Diets
The composition of the experimental diets is given in Table 2. The stock protein-free diet
was mixed with the test protein to provide the required N and pM content for the nitrogen
balance experiments.

Nutritional indices

PER was calculated from values for body-weight gain and CP intake over a 28 d period with
a diet providing 16 g N/kg. PER was calculated as body-weight gain/unit CP intake. In each
case the figures of CP intake used for the calculation of PER, N balance and Npu were based
on actual nitrogen analysis of the test diets. NPU was calculated from information on carcass
composition with a protein-free and a test diet.

The procedure followed was as described by Bender & Miller (1953) and Miller & Bender
(1955). The N balance trials were carried out according to the procedures followed by
Eggum (1973). Metabolic and endogenous N were determined separately with a protein-free
diet in several replicates (four runs with 21 rats) and the mean values were used in the
determination of Bv and true digestibilities (TD).

RESULTS AND DISCUSSION

Analysis of CGM (Table 1) indicated that the CP content of 426 g/kg is at a level comparable
to that of the soya-bean meal (SOM-45, 457 g/kg) (Drouliscos, 1976) and certain other
protein-rich vegetable concentrates.

The amino acid profile of CGM (Table 1) suggests that methionine and cystine are first
limiting. The remaining amino acids were also present at levels that were somewhat lower
than those recommended in the FAO/WHO pattern (Table 3). In comparison with the
FAO/WHO amino acid pattern CGM and CGM protein isolate contain insufficient
leucine, isoleucine, threonine and valine. Arginine is exceptionally high in CGM (11-55 g/16
g N) and CGM protein isolate (12:40 g/16 g N). A high arginine content (11-24 g/16 g N)
was also reported by Ferreira (1964). When the values of essential amino acids (Table 4)
were expressed as essential amino acid content:N content, the value for CGM (2-56) was
higher than that of the CGM protein isolate (2-18) but lower than those of the soya-bean
protein isolate (Promine-D) (2:68), SOM-45 (2:80), casein (3-28) and whole defatted egg
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Table 3. Essential amino acid (AA) pattern (gAA/16 g N) and amounts of each AA provided
by carob (Ceratonia siliqua) germ meal (CGM)* and CGM protein isolate

Amino acid pattern Protein source
FAO/WHO - A
(1973) CGM Isolate
Phenylalanine . . .
Tyrosine } 6-of 54t 43t
Isoleucine 40 31 22
Leucine 70 58 59
Lysine 55 52 4'5
Methionine 12 05
} 35t 28t 1-ot

Cystine 16 o5
Threonine 40 32 2'5
Valine 50 41 22
Arginine — 115 124

* The part remaining after removal of gums and seed coat.
t Combined value for the two amino acids.

(3-40). Table 5 shows an inverse relationship between urinary N excretion (g/kg metabolic
body size) (W) and Bv. The lowest value of urinary N excretion (0-86 g/kg W% 7%) was
recorded for whole defatted egg and the highest (2-69 g/kg W°-75) for CGM protein isolate,
corresponding to Bv values of 0-93 and 0-36 respectively. The faecal N excretion remained at
fairly constant levels (0-37-0-48 g/kg W? ) with the exception of SOM-45 (0-95 g/kg W° 75)
and CGM (1-17 g/kg W), This discrepancy might be explained on the grounds of product-
purity since SOM-45 and CGM are not pure proteins and contain other material such as
celluloses, hemicelluloses, pentosans, phenolic compounds and other organic substances.
The excess N that appeared in the faeces with SOM-45 and CGM may have been due to an
undigested portion of protein encapsulated in a fibrous coating within the plant tissue and
so protected from the proteolytic enzymes of the gut (Drouliscos & Bowland 1969). It is
also likely that in the CGM protein was precipitated due to the presence of the phenolic
compounds.

The results recorded with feeding trials with rats show that at a level of inclusion of CGM
in the diet of 250 g/kg the PER and NPU values were 1-66 and 0-58 compared with those
recorded for dried tomato pomace (PER 2-18 NrU 0-55) (Drouliscos, 1976) and SOM-45
(PER 2-40 NPU 0-80) (Drouliscos & Bowland, 1969).

Supplementation with pL-methionine at 4 and 8 g/kg diet elicited a growth response but
further addition (12 g/kg) had a depressing effect on growth, protein intake and Bv (Table 6).

The addition of other essential amino acids improved growth, PER and Bv, indicating a
deficiency or an imbalance in the protein provided by the CGM (supplements 4 and 5)
Table 6. Biological values were restored with supplements 4 and 5 (0-79 and 0-78)
to the level recorded with supplement 1 (0-80) (Table 6). This response is indicative
of a methionine deficiency since the inclusion of lysine in supplement 4 and of isoleucine,
histidine and other essential amino acids in supplement 5 (Table 2) had no effect on
the Bv value. It is therefore likely that under the present experimental conditions meth-
ionine was the most limiting amino acid followed by leucine, isoleucine and threonine as
second limiting. It could be of interest to see the response to leucine and isoleucine sup-
plementation without methionine. This was not done in this study. Accordingly the value of
PER of unsupplemented CGM was improved by 34-9 % by supplement 4 and 56 %, by supple-
ment § (Table 6). This suggests that the response in growth and PER was the result of the
extra N intake (Table 6). It is not surprising that the lowest Bv and Npu (by N balance) values

ssald Assanun sbpuquied Ag suluo paysiiqnd 1200086 LNIG/6£01°01L/b10"10p//:sdny


https://doi.org/10.1079/BJN19800071

https://doi.org/10.1079/BJN19800071 Published online by Cambridge University Press

N. J. DROULISCOS AND VASILIKI MALEFAKI

120

‘uolezipn uoad Jou X Jeyew AIp ur ualonu s8eiudiayd
'9ZIS APOQ JOQRIdW ‘g,.0M

9z0.0 Lt.0 610.0 Lia 150.0 ob.o vvo.o §6.0 910.0 gt.0 §€o.0 gh.o
vE1.0 69.2 £80.0 91.z £20.0 £€.7 £80-0 Sz.T §g0.0 69-1 1v0.0 980
910.0 9t.0 S10.0 L9.0 voo.o 6v.0 070.0 Lg.0 010-0 6L.0 010.0 £6.0
017.0 10.§ 60.0 . 101.0 8L ofI1.0 [ 4 {S1.0 18-11 o11.0 0z-11
— L6.Lg — 9L-6L — ob.EL — SL.zl — vo.1g — ob.z6
as uBap Is UBI as uBON s UBOI as uBd as UBOIN
. — J - . — — v J . ~ \ ~
dpejost u0xd WOHD WDD g-dunuoigd SP-WOoS SO 833

(SIO1J12 PIEpURIS JIAY) Y}IM SUBAL JB SANJBA)

(c:-0m BY/3) N [e0R4
(s-am A/9) N sULIN
anjea [ed3ojolg
Luadonmu siqezinn
(8) im-Apoq ues\

e

($D) urasvo pup 832 ‘(S¥-py OS) [Pow unag-vAos ‘q-autwold ‘aivjost utaroad oD ‘(WD) 1pawt uiiald (enbifis vluo1v1d)) 9o4v> Sunuviuos
s1a1p iuauiriadxa ayl ul Sivd Jo (g,.0M 8%/8) uonasdxa N [poanf puv aurn ‘angpa por8oorq ‘uaSosju d)quzyun ayl Jof sanjpg S JqeL

Panejap 30UyM
\u

9-88
gz.t

X743

Lb
6S
€11
8
011
1L
LST
€L1
Ly
101

SO

9L
901

ST-WOS

LyL
89-7

0892

194
91
€L
€L
18
129
141
€91
16
£11

Q-dUNULOLG

(1§61) 13sQ Aq paquLIdsap se pate[nofe) 4
‘180 paas pue swng jo [eAowas 19y Juiurswal Jxed ayl .

v.z§
184

Lliz

€9
9SE
LS
zL
9
4
621
891
9
Ly

aejost WOD

9-69
9§.z

12:1%4

123
z8T
89
LL
66
89
971
11
9L
Y9

W9DO

885 pannfap ajoym pup (SO) utasvo “(Sk-p OS) 103w uvaq-vdos ‘q-auuoig ajojost urdjosd oD

Y

RINO0s UINO0id

4Xapui pide oulwe {enuassy
JUSIUOD N :JUUOD PIdE OUMNUE [BUISST

(uaSoayu §/8w) pIoe ounue [BIIUISSI [RIO ]

SuIpustH

aumudry

QuISOIL]

uuoaIy I,

SuleA
QUNSA-UIUOIY I
JUISAT

upnag

UIdNIIOSY
aurue[ejfusayd

‘(WD) [paw wiz3 (enbifis BIUOIRID)) qoIv2 Jo (VY [DNUISS? [DIO0) 3[3w) suaa1ipd (py) prov ouruiy [pLuuassa ayj fo uosrpduio)) v sjqe]


https://doi.org/10.1079/BJN19800071

https://doi.org/10.1079/BJN19800071 Published online by Cambridge University Press

121

Nutritional evaluation of carob germ meal

T SqEL 396 ‘S[IEIOP 104 4

‘uoneZI[NIN u30ad 19U NdN { ANPIQNSISIP an) (L ‘ONe Aouaroye udlosd wad fonjea [e31SojoIq Ag

— £10.0 9.0 Voo.o L6.0 E10.0 99.0 — —_ —
— S10.0 SE. £00-0 L6.0 9100 9t.0 — — —
Svo.0 1L.o 6100 1L.0 1200 26.0  Z10.0 gL.0 0z.0 6S. 9z.1 SS.pE 5.8  ob.06
— Lo S100 €L.o 1100 £€6.0 1z0.0 6L.0 §0.0 bvz.z £€6.0 St.le o1y ol.19
100.0 9$.0  070.0 £9.0 zz0.0 98.0 110.0 vi.o 11-0 06-1 8.0 1L.12 86-1 of.1t
Loo.0 £9.0 9zo.0 99.0 £zo.0 €g.0o S100 gL.o 11.0 10.Z S1.z 1S4t 09-.z  gt.6v
olo.o 09.0 fr10.0 69.0 S10.0 Lg.0o  too.0 08.0 11.0 €6.1 980 Sh.bz Lrz  t6.lv
150.0 6§. £10.0 gs.0  boo.o Lg.0 S100 Lg9.0 60.0 99.-1 26.1 oz.bz gt.€  of.ob
—_ — Loo.o 6.0 Loo-0 66.0 110.0 €6-0 6z.0 vzt (481 £L.gT 89-L  08.26
as uBW as 13:2) 7N} as uesp as UBO as UBO as ueo as UBOW
- v 4 v — v 4 - v - Y Y—— Y
(sisA[eue sseored (AL X A|) alL A" uad Psz (3) ured
Aq NdN nNdN (8) ey m-Apog
(S2-9 x uaSoayu)
wnoid spnip
— J — 7

Y
159) 2duB[Eq-N

<
1593 udd

9 -ou juswsddng+
:9ejost uroad WHD

Mt n

4

«1 ‘ou jJuowoddng+

pajuswsddnsun :IADD
88y

201N0S U101

(ndN 3y} 10j S1BI JYSIo PUB Ad Y3 JOJ S)BI 9AY “¥dd SY) JOJ S)BJ UI) 0) XIS JOJ SIOLIS PIBPUEIS JIY3 UM SINJBA UBDIN)

$204n0s utaj04d sp s1vposy utayo4d WD puv (WDHD) [vaut
w23 (enbijis BIUOYRIY))) qoupd ‘832 pannfop sjoym Sulupjuod S1a1p [D1UWIIAAXS UIALS SIDL 40f S201PUY 1021301019 puv JPUCHLINN 9 J]qBL


https://doi.org/10.1079/BJN19800071

122 N. J. DROULISCOS AND VASILIKI MALEFAKI

were recorded for CGM protein isolate (Bv 0-36, NPU 0-35) (Table 6) since as shown in
Table 1 the methionine and cystine content is one-third of the value recorded for the CGM.
Supplementation of CGM protein isolate with methionine and other amino acids (supple-
ment 6; Table 2) raised the Bv value to 0-66. Due to the limited quantity of the isolate that
was available for the bioassays the PER was not carried out. The poor performance of CGM
protein isolate as judged by the low NPU (0:35) is in close agreement with values reported by
Shemer & Perkins (1974) for soya-bean protein isolate (Promine-D), the range was 0-24-0-36.

It is interesting to note that in the present study the Bv obtained with Promine-D was 0'49
(Table 5) with value for NpU (BvV X TD) of 0-47. This value is higher than the value of 029
reported by Shemer & Perkins (1974) for Promine-D. The recorded value could have been
due to the heavier and older rats used for the NPU determination resulting in lower N
retention.

On the basis of the previously mentioned observations some conclusions may be drawn
regarding the protein quality of CGM and its isolate. With CGM used in the present study
at 250 g/kg diet to supply all the protein, growth in rats was 43-4 %, of that with the egg diet.
The addition of amino acids (supplements nos. 1, 2, 4 and 5, Table 2) progressively improved
body-weight gain to a maximum of 97-4 %/ (Table 6). Supplement no. 3 (12 g DL-methionine/
kg) reduced growth and protein intake (Table 6) suggesting that the methionine added was
in excess and could have created an amino acid imbalance or a slight toxicity. Similar
observations have been reported by Drouliscos (1976) with dry tomato pomace supplemented
with 5 g methionine/kg diet in rats, by Muramatsu et al. (1971) with the addition of 50 g
methionine/kg diet in rats and by Smith ez al. (1975) with 2 g methionine/kg diet (Aspergillus
oryzae biomass) in pigs.

CGM could replace part of the protein portion of a compounded feed for single-stomached
species provided its amino acid deficiencies are corrected. Experiments with broiler chicks
are in progress and the observations made will be reported in a later communication.

There appears to be some indication that during the preparation of the protein isolate
under the experimental conditions of this study a certain loss of the sulphur containing
amino acids is taking place together with some other essential amino acids such as lysine,
valine, threonine and isoleucine (Table 1).

It should therefore be pointed out that although isolates appear to have a high CP
content, they may not necessarily be well balanced in terms of their amino acid composition.

It is in this context that the incorporation of such products in various food preparations
should be carefully planned and the required amino acids added if necessary.

This study was partly supported by a grant of the National Research Foundation. The
authors thank Dr B. Macris for the preparation of the carob germ isolate and Miss L
Siganou for laboratory assistance.
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