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Six types of weight changes that occur when food
is cooked by different methods ave described. For
five of chose types, true retentions of nutrients
{defined ss calculations based on nutrient content
of known weights of food before and after cooking)
were compared with apparent retentions (defined
as caleulations based en nutrient content of mois-

ture-free raw and cooked foods). Campanbuns in-
cluded retentions of proximaic components, min-
erals, and vitamins. Apparent reteniions ov eresti-
mated the true retentions in nearly all instances.

~T'o avoid bias, true retentions should be reported

whenever it is feasible to obtain data on me!ghts of
foods hefore and after cooking.
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Accurate knowledge of the nutrient intake of individuals
and groups of people requires information on the nutrient
content of conknd fevas. Many dietary caleulations are
made on the bazis of foods as brought into the kitchen.
Factors are nezded that can be applied to weights of raw
foods to correct for nutrient losses or changes in prepara-
tinm. This piper presenls some of the problems encoun-
torsd in estabishing acecurate reteution factors.

A true retention should measure the proportion of nutri-
ent remaining in the cooked food in relation to the amount
of that nutrient originally present in a given weight of the
food before cooking. Thus, the direct measure of true re-
tentiions requires data on the weights of the food both be-
fore and after cocking, as well as the contents of the nutri-
ent per gram (or other unit of weight) of raw and cooked
food.

To provide naximmum useful data, studies on retentions
of nutrients in foods should be planned so that analyses are
made on comparzble raw and cocked samples. For meats,
fish, and poultry, anatomically matched cuts representing
opposite sides of the same carcass should be analyzed raw
and after being cooked. From well-mixed lots of raw foods
such as vegetables, legumes, and shellfish, subsamples for
cooking should be carefully drawn, and similarly chosen
subsamples should be analvzed raw. Weights of products
before and after cooking chould be recorded, along with
weights of drippings, cooking water, or other discard.
Weights and analyses of discard are needed if a total ac-
cmmtmg for all nutrients originally present in the raw food
is souzht, so that solubility losses, as well as destruction,
are known. Keeping records of weights may not always he
feasible in studies involving production-line processing, but
should e possilbie in research involving institutional and
home cooking, Uniortunately, few studies bave bheen re-
purted which were designed to provide the information just
descrihed.

To circumvent probleris associated with oblaining
weights, many researchers have reported appartent reten-
tion values. The apparent retention is here defined as the
ratio of nutrient content in the cooked food without discard
to mttrient content in the raw food, with both values ex-
presseid on the moisiure-free basis. The_use of apparent
rather than true retentions involves the assumption tha
solids are not lost to any practical extent with cooking.
This assumption is clearly not valid for meats, which give
up hoth fat and protein to the deippings when cooked; it is
prubably not valid fur vegetables, legumes, and many cere-
al products, either.
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Several types of _weight changes occur when food. is
cooked. These are: (type 1) volatiles {primarily moisture)
lost, example, vegetables cooked by steaming; L\pg_'
Mmed cxample, rice cooked so that e.ﬂ of the
water is absorbed; {type 3) solids lust but mmth
example, dry legumes cooked in water which is not com.
pletely ahsorbed remaining
solids and moisture botlllgi{,_e\mmplo organ meats cooked

in water; (type 5) solids and moisture |ost from more than
one tissue; example, roasted poultry, which contains lean
muscle, skin, and sorzetimes depot fat; {type 6) moisture
lost and fat or other solids gained; example, doughnuts and
other foods {ried in deép fat.

Data from research done under the c,ponsorshm of the
Agricultural Research Service have pruvided the opporiu-
nity to compare true reientions with apparent retentions
on the same food samples for a number of feuds which
show changes with cooking of types 1 through 5. These data
compare apparent retentions (AR), calculated as follows:

% AR =

[nutrient content per g of cooked food (dry asis}])/
[nutrient content per g of raw food {dry basis)} % 100
with true retentions (TR), calculated as follows:

% TR = (nutrient content per g of cooked foott X g of food
after cooking)/(nutrient conteatl per g of raw

food X g of food before cooking) X 100

Data for cooked foods used in the calculations of reten-

*tions did not include the mutrient content of any cooking

discard such as drippings. ‘Table I gives references to the
analytical methods used in obtaining the nutrient data
from which retentions were calculated.

TYPE | CHANGE, MOISTURE LOSS OXL ‘:

Retentions were calculated for five nutrients in 4 1o 27
vegetables which had heen cuoked by steaming. Vegetables
were co o ked in aluminum pans over boiling water. No salt,
tut. or other ingredients were added. The few rroms of
water that condensed in the cooking pan during steaming
were included as part of the cooked sample. Information on
cooking time and degree of donenesa was not available.

Table 11 shows data comparing true retention~ with ap-
parent retentions. For these vegetables, reientions were ex-
sentially complete, and ditferpncm hetween the iwo caleu-
lation procedures were not significant, as indicated by
paired <7 Lests.

Data on true retentions for 13 nutrients in six lots of
oven-rasted peanuts have been published (Derise et al,
1974). 'n addition, the present authors caleulited coparent
retentiang for these same samples. Peanuts were reasted in
the shell in un electric oven at 177 °C (1150 *F) fur 35 min.
TFhe shelled kernels, including sking, of both raw and roast-
ed peaauls from thi same lut were weighed and aaalyred
Retentivns calculted from the resulis of the analys=s are
shown in Table 111, For peanuts, unlike steamed vepeta-
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liquid is discarded; (type 1) _




“Tahle 1. References to Methods of Anaiysis
for Nutrients Used in Retention Caleulations

Nutrient Reference

vroximate components AQAC (1970}
{(protein, fat, ash, crude fiber)

Mineral elements

Ca, Cu, Fe, Mz, Mn, K, Na, Zn Peckin-Elmer
(1968)
P (in turkey) AQAC {1970}
P (in peanuts and legumes) Fiske and Subbarow
{1925)
B vitamins AQAC.(1970)
{thiamine, riboflavine, niacin)
Cholesterol Tu et al. (1967)
Ascorbic acid Freed (1966)
Carotene AQAC (1370)"
Retinol - - Ames et al, {1954}

a Extraction procedure 39.015 modified for analysis of liver. )

Table II. Apparent and True Retentions of
Selected Nutrients in Steamed Vegetailes
{Type 12 Weight Change with Cooking)

Apparent
retention  True retention®
Mo, of =
sani- Mean, Mean,
Nutrient ples o C.V.° % cC.v.
Ash 4 102 1.7 a9 1.6
Calcium 4 97 7.2 94 3.8
Magnesium 19 o6 1.9 96 1.2
Potassium 27 103 28 101 2.3
Sodium 20 v 6.0 97 5.5

& Volatiles {primarily moisturet lost. ¢ Differences between ap-
parent and true retentions not significant. * Coefficient of varia-
tion. L

bles, differences between apparent and true retentions
were significant (P = 0.03). in all cases. the apparent reten-
tion value was higher than the true retention value.

TYPE 2 CHANGE, MOISTURE GAIN ONLY

Data were available for three nutrients in one sample of
hrewn rice. The rice was rinsed nnee with tap water and
drained hefore being covked by boiling, All conking water
wa= abmorbed by the rice. Time of cooking was not re-
ported.

Retentions caleutated from these data on cooked brown
five are shown in Table TV, En contrast to retentions for
tvpe | foads, the apparent retentions for brown rice teaded
1 he fower than the true retentions. Because data were
available for only ene sample, it 15 not possible to tell
whether or not appirens and trae retentions ditfered <ig-
nilivantly for this type 2 chinge. .

TYPE 3 CHANGE, 301105 LOST AND MOISTURE
GAINED

" For the tvpe 3 cooking chanve. data were available on
three lots eich of ten difierent dry lezumes—Great North-
ern, vy, pinte, red kidoey, farge fimo, baly lima beans,
cowpens {hlackeves), chickpens (garbanzos), green split
peas, and lentils, The legumes were purchased in local foad
markets in Virginia, and were simmered in glass cooking
pans in 853 ta 1150 ¢ of deionized water, the amount of
. water varving with the kind of lewume. Lime of cooking
ranged frony -2 min for mreen split peas to 40 min for
chickpueas. The ratio of weights for the cooked o the dry
forms raaged from 251 for chickpeas to 2910 for lentils.
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Table I1I. Apparent and True Retentions of

Nutrients in Six Samples of Oven-Roasted Pean

(Type 19 Weight Change with Cooking)

Apparent retention True retention®

C.v.©

Nutrient Mean, % Mean, % c.v
~ Protein 100 14 97 i.5
Fat 99 0.9 986 1.1
Ash 129 5.1 124 5.0
sCrudesdibes 105 2.3 102 2.2
Calcium 102 1.2 98 1.6
Copper 102 2.7 g8 2.6
Iron 101 2.9 98 2.8
Magnesium 102 1.2 a8 2.6
Manganese 107 2.4 104 2.7 .
Phosphorus 113 20 109 2.4
Potassium | 99 0.4. C 96 0.8
Sodium . 84 3.6 82 3.1
Zinc 104 1. 100 i.2

e Volatiles (primarily moisture) lost. # All differences between ap-
parent and true relentions significant (F# = 0.05h ¢ Coefficient of
variation.

Table IV. Apparent and True Retentions of
Selected Nutrients in One Sample of Brown Rice
{Type 2¢ Weight Change with Cooking) .

Apparent True
. retention, refention,
- Nutrient % %
Protein __ 101 105
. Crude fiber ~ . 115 117
Potassium - 93 oo 96

< Moisture gained.

Table V gives data on apparent and true retentions for
nutrients in the conked dry legumes. Differences bstween
the two methods of calculation were significant (P = 0.01}
according to paired “t” tests. For all 12 nutrients, the ap-
parent retention gave a value significantly higher than the
true retention. Average differences between the two meth-
ods ranged from 6 to 11 percentage points, mean difference
8%, fur the different nutrients.

TYPE 4 CHANGE. SOLIDS AND MOISTURE BOTIH LOST

Retentions were calculated on nine lots each of turkey
gizzard, heart, and liver, which had bheen cooked by sim-
mering. The gibiets were cooked in distilled water inone
pun. Becanse the time of cooking reguired was greater for
vizzards than for livers, and becae cooking of all giblets
was started at the same time, livers were probably over-
conked.

Apparent and true retentions of H) nutrients in tuzrhey
livers arc given in Table VL These duta indicate a consider-
able difference between the two methods of caleulation.
Apparent retentions ranged from B to 2 percentaye points,
with a mean of 14 percentage points, hizher than true re-
tentions, ALl differences hetween caleulistion methols were
sivnifi~r ot (f7 = 001, Thus, apparent retentions were not
reliahle measures of the true retentions for this foud show-
ing typr 4 changes.

For turkey pivzards and hearts, differences hetween eal-
cuiation, metids were even grester than Yor livers: (ata
dre nut tabulated, bat available from authors on request.) —
Comparisons of 16 nutrients in pizeards tprotein, fat, ash,
three B-vitamins, nine mineral elements, and cholesterol)
showed u ranpe of 6 te 22 pereentage points, with a mean of



"Tublc V. Apparent and True Retentions of

Nutrients in 30 Samples of Boiled Mature Dry

. Legumes {Type 3¢ Weight Change with Cooking)

Apparent retention True retentior

Nutrient Mean,% C.V.® Mean,% C.V.
Protein 103 0.9 96 1.6
Fat 111 3.8 102 3.4
Ash 88 1.9 80 . 3.2
Fiber™ 134, J4 123 i

“Calcium 108 2.2 100 2.6
Copper 07 2.3 90 29
Iron 120 2.7 111 2.7
Magnesium 83 3.5 79 4.1
Manganese 104 3.4 97 4.0
Phosphorus 92 3.4 - 86 4.1
Potassium 98 4.9 - 91 5.2
Zinc 124 2.2 112 2.9

@ Solids lost, but meisture gained. ¢ All differences between ap-
parent and true retentions significant (P = 0.03). ¢ Coetficient of
variation.

13 percentage points, in differences between the two meth-
ods. For ali 16 nutrients, differences were significant (P =
0.01). For turkey hearts, differences between the two calcu-
lation methods were significant (P = 0.01) for 10 of the 18
nutrients. For the remaining six nutrients (riboflavine, nia-
cin, cholesterol, copper, manganese, and zinc), the number
of comparisons involved was small, ranging from two to
five. Had there been a larger number of comparisons, it is
likely that differences between calculation methods would
have heen significant for these six nutrients also, as the dif-
ferences were large, rangiug from 15 to 40 percentage
points. Thus, for foods undergoing these type 4 changes,
apparent retentions consistently overestimated true reten-
tions, and these overestimates were frequently very large.

TYPE 5 CHANGE, SOLIDS AND MOISTURE LOST
FRROM MORE THAN ONE TISSUE

Data were available for caleulating retentions of proxi-
mate components, B-vitamins, cholesterol, and minerals in
carcasses of turkeys of nine different age—sex groups. For 6
of the 41 replications, carcasses were separated into the
major parts prior to roastirg. Parts from one side of each
bird were reserved for dnalvsis in the raw state, and parts
from the other side were roasted. For the remaining 35 rep.
lieatinns, carcasses were split in half, with one half heing
analveed raw and the opposite half being analyzed after
roasting. Eacti of the first six replications consisted of ten
half-carcasses, and each of the remaining 35 replications
inchudend tour half-carcasse:.. Roasting was done in alumi-
num pans it ovens set at 145 °C (325 °F) until the temper-
ature of the meat reached 853 °C (135 °F). Drippings were
weighed and saved tor analvsis. Analvses showed that
muisture, fat, protein, and ash were all lost to the drip-
pings,

Comparisens of apparent and true retentions were made
tor meat and for meat plus skin in the turkey carcasses on
the =ame 16 nutrients as were determined for turkey gi-
Blets, Tuble VH compares apparent and true retentions for
16 nutrients in the meat oniy from the turkey carcasses,
Both caleulation procedures have aliowed for proportions
of light meat 1o dark meat as deterinined by weights of
these tissues in the carcass. As can be seen in the table,
there was little ditTerence hetween results from the two cal-
culation procedures for meat only, OF the #6 nutrients de-
termined, only fat showed sipgnificant differences between
the two calenlation methods, and these differences were
numerically small. For all 16 mutrients, the differences be-

NUTHRIENT RETENTION CALCULATION

Table VI. Apparent and True Retentions of
Selected Nutrients in Simmered Turkey Livers.
{Type 4° Weight Charnge with Caoking)

Apparent ~ True
retention retention®
"Nao.of’
sam- Mean, Mean,

Nuirient ples % CLVLE % c.v.
Protein 9 103 1.7 85 3.8
Fat 9 131 5.7 107 4.7
Ash g 71 3.8 59 9.3
Thiamine 9 70 11.6 58 131.3
Riboflavine 9 37 9.6 47 16.9
Niacin 9 53 8.6 43 - B.1
Cholesterol ] 112 4.7 a2 4.6
Ascorbie acid g 36 3.6 30 9.2
Carolene g 109 11.2 39 0.8
Retinol 9 62 13.4 51 15.0
Calcium g 123 6.3 102 8.2
Copper 8 95 5.7 18 5.1
Iron 9 65 7.8 o4 10.4
Maguesium g 66 8.7 55 9.3
Manganese g T4 5.7 61 7.1
" Phosphorus 9 76 4.4 63 5.9
Potassium 9 57 6.2 47 7.9
Sodium 2} 87 5.8 47 7.0
Zinc B 108 3.0 : B9 3.6

2 Solids and moisture both lost. ® All differences between ap-
parent and true retentions significant (P = ¢.01). « Coefficient of
variation.

tween tie two calculation procedures ranged from 0 1o 2,
with a mean of 1, percentage points. o

However, when retentions were calculated in meat plus
skin of the turkey carcass, rather than in meat alone, dif-
ferent results were obtained {Table VII). In the same way
as calculations on meal only were made, calculation proce-
dures allowed for proportions of light meat to dark meat 1o
skin, as determined by weights of these tissues in the cdr-
cass. For all 16 nutrients, differences between the two cal-
culation procedures were significant (P = 0.03). The differ-
ences ranged from 3 1o 17 percentage points, with a mean
of 6 points, and in every case the apparent refention was
higher,

TYPE 6 CHANGE. 20LIDS GAINED AND MOISTURE
LOST _

No data were available for caleulating retentions of nu-
trients in foods undergoing tvpe 6 changes, such as dough-
nuts or french-fried potatoes, which take up tat waile los-
iny maisture.
DISCUSSION

For a number of nutrients posted in Fables T hroach
VII, retentions appeared to be unusually high or Law. For
instance, the retention of ash in oven-roasted peanits,
Table HI, was high, and the retention of sodium was Jow.
Derise et al 11974) have suggested that the low siddivm
value mirht be explained by loss of sodium into the peanut
shells and hulls with heating. The high ash reteaticns were
nol explained; possibiy they represent problems e et hod-
vlogy of determining ash in raw compared with roasted
peanuts. Crude fiber retentions shown in bath Tables IV
and V were also high, Data for fiher were obtaived from

- two widely separated labuoratories which were not in com-

mumnication with each other. Therefore, it the high fiber re-
tentions imdicate inaceurate methodology, the difficulty is
likely 1o be a general problem in applving the methud for
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Table VII. Appaurent and True Retentions of Selected Nutrients in Hoasted Turkev Carcusses

[ Type 5 Weight Change with Cooking}

Meat only

Meat plus skin

Apparent retention

True retention®

Apparent retention True retention®

DT W RO mL,

"No. of

Nutrient samples Mean, % C.ves  Mean, % C.V.  Mean,'% cwv. Mean, % c.v.
Protein 41 99 0.4 101 0.6 105 0.6 101 0.
Fat 41 128 1.8 130 24 94 1.4 90 1.
Ash 41 81 1.0 82 1.1 87 0.8 84 1.
Thiamine 41 58 3.9 68 3.8 71 3.2 68 3.
Riboflavine 41 82 2.7 83 2.6 90 2.6 83 3
Niacin 41 £9 2.0 90 2.2 a6 2.2 a2 2
Cholesterol 41 89 2.3 90 2.2 92 1.9 88 2
Calcium 41 130 2.8 132 2.8 137 2.5 131 2
Copper 9 71 12.8 71 12.2 84 11.3 -2 it
iron 41 94 3.8 97 39 101 3.9 97 4,
Magnesium 4] 79 0.9 a0 1.0 8% 0.9 83 0.9
Manganese 9 .. 83 B.7 84 8.4 102 7.4 87 g.1
Phosphorus 41 81 1.2 82 1.2 88 1.0 84 1.2
Potassiam 41 75 1.0 76 1.1 81 0.9 77 i.0
Sodium 41 76 1.2 7 1.2 82 1.1 79 1.2
Zinc 9 100 3.5 101 3.1 118 3.0 101 2.8

@ Bolids and moisture lost from more than one tissue. * For meat anly, differences between apparent and Lrue retentions signiticant only
for fat (& = 0.05); for meat plus skin, all differences significant (P = 0.03). ¢ Coefficient of variation.

crude fiber to both raw and cooked foods, rather than im-
proper adaptation of a satisfactory method hy a particular
laboratory. High fat and calcium retentions in Table VII
could possibly be caused by cooking of nutrients out of skin
or bone into the meat. Low retentions in Tabjes V, VI, and
VIl could be attributed to luss of nutrients Lo cooking water
or drippings, or, for labile nutrients such as thiamin and
ascorbic acid, to inactivation by heat. Regardless of wheth-
er or not the retention data indicated problems in method-
clogyv, comparisons of apparent and true retentions, which
were calculated on the same sample, are valid, and conclu-
sions about the relative accuracy of the two methods of cal-
culation can be drawn from the data reported here.

Data in Tables 1I, HI, and IV indicate that for foods
underguing type 1 or type 2 changes (loss or gain of mois-
ture), apparent retentions, calculated on the dry basis, may
or may not be signiticantly different from true retentions,
which take into account weight changes with cooking. Re-
tention data evaluated for foods exhibiting more complex
vhones with conking showed that apparent retentions
were ot relinble estimates of true retentions. Apparent re-
tentions, which tended ta give false hirh values, did not
allivw for loss of solids. Fvn for turkey carcass meat, the
vne example of a complex cooking change in which the two
caletlarion procedures agreed well, weizhting of the ditfter-
enl tissues in the food wits necessary to arrive at retentions
reasonzhiv representative of all of the edible part of the
carcies, [ weighis of thasues are available, it would seem
reasonable to caleulate true retentions rather then appar-
ent retentions, which may be less aceurate,

Even in those instances in which differences hetween the
two calculation methods were not significant, apparent re-
teritions were almost alwoys higher than true reétentions.
The use of apparent retentions thus introduces o soucee of
bias which could be elimuinated hy the use of true reten-
tions. -

The uselulness of a caleulation system can be aftected hy
the amount of vartahihity ot allows, in addition to its aceu-
riey. Covtficients of varistion for apparent and troe reten-
tions were therefure reviewed to see whether or not they
were within reasemnble bounds and il"lhu}_'l!ii'i'urvd appre-
ciably. For 113 comparisens, the averaje coetficients of
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variation were 5.3% for true retentions and 4.9% for appar-
ent retentions, Furthermore, as was shown in several of the
previous examples, few individuai comparisans of coeffi-
cients of variation showed appreciable differences between
the two methods of calculation.

With the data at hand, it is not possible to predict either
the significance or the magnitude of differences between
true and apparent retentions. Therefore, i is not now pos-
sible to establish correction factors which could he applied
to apparent retentions so that they would more closely esti-
mate true retentions. Because of Lthe improvement in accu-
racy, with little change in variability of the data. true re-
tentions are preferable (o apparent retentions in evaluating
the effects of cooking. The improved data to be obtained by
using true retentions would be well worth the additional ef-
fort required to weigh the raw and cooked fonds. Of course,
in cases where it is not feasible to obtain batch weighis be-
fore and after processing, such as on canning lines, true re-
tentions cannot be caleulated, and some other apyroach to
their estimation needs 1o he developed.

These findings, that apparent tetentions in wany -
stances are not reliable estimates & irue retentions, are not
new, Streightoff et al. (1946%. Daodels ot al. (190447 1981, and
Hewston et al {19450 all judied thar measurennon of trie
retentions requires information on weicht chanzes with
couking, i solids are bost with cocking or ingredients are
added to the raw food. Watt and Atruva 19951 in o review
of publiched amd unpubisbed data then avaitable o 1 reten-
tions uf vitamins wogquantity cooking of vepetabd =, gl
warned that inaccuracies could result From using retentions
calcutated on the dry basis. Few present-day food seientists
are famitiar with the older literature on experimenial cook-
erv, iurluding that on retentions of nutrients, except

through such reviews as Harris aned Von Lovsecke™s = Nt ri-

tional Evaluation of Food Proces<inge™ (1900, Unio Guatte-
Iy, this publication contains no discussion of prolidems in
calenleting retentions.

dany research reports do not explain how retentions
were ealeulated, ner is 3t ahwavs prossible, with e data
gi\'(-n, Tor the reader 10 know what procedures were wsed,

The findings reported hore, which are based on new data,
confirm the judpments of the carlier researchees. It s

.



hoped that this paper will encourage food scientists to
make their data more accurate and meaningful to others by
reporting procedures used for calculating retentinns as part
of the description of analytical methods. True retentions,
rather than apparent retentions, should be reported when-
ever possible, ' :
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