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            The American Journal of Clinical Nutrition 33: OCTOBER 1980, pp. 215 1-2156. Printed in U.S.A. 2151 The effects of vitamin C, vitamin B6, vitamin B12, folic acid, riboflavin, and thiamin on the breast milk and maternal status of well-nourished women at 6 months postpartum3 M. Rita Thomas,4 Ph.D., Sharon M. Sneed,5 Ph.D., Cecelia Wei, M. S., Patricia A. Nail, M. S., Mary Wilson, B. S., ltD., and Edgar E. Sprinkle III, M. S. ABSTRACT The effects of vitamin supplements and/or diet on the vitamin levels in milk of women were determined at 6 months postpartum. Six subjects consumed a daily supplement (Natalins, Mead-Johnson) in addition to a well-balanced diet-supplemented group, and six subjects consumed only a well-balanced diet-nonsupplemented group. The subjects expressed milk for 3 days at 4-hr intervals, 0, 4, 8, and 12 hr after awakening or taking their vitamin supplement. A 4-day diet record, fasting blood sample, and 24-hr urine samples were collected on each subject at 6 months postpartum. Nutrient intake from diet alone did not differ significantly between the two groups except for riboflavin intake which was significantly higher in the supplemented group. The nutritional status of all women indicated excellent dietary intakes, which vitamin supplementation did not alter significantly. Milk concentration of vitamin B6, vitamin B12, folate, thiamin, riboflavin, and vitamin C, did not differ significantly between groups. Thiamin, vitamin B,2, and vitamin B6 concentration in the milk did appear to plateau during the day. Vitamin supplementation at 6 months postpartum did not affect the breast milk concentration or the nutritional status of well-nourished women. Am. J. Clin. NuIr. 33: 215 1-2156, 1980. Studies have shown that changes in mater- nal diet can influence the nutrient level of breast milk, especially with regard to the water soluble vitamins (1-4). Diets supple- mented with vitamin B6, vitamin B12, and riboflavin have been associated with a limited increase in concentration of these water-sol- uble vitamins in breast milk from well-nour- ished women (5-8). Maternal supplemental intakes of thiamin and vitamin C did not increase breast milk concentration of those vitamins (7, 8). Information on the influence of the maternal diet on the vitamin content of breast milk is still inadequate (6), especially involving the adequacy of water-soluble vi- tamin supplementation. Not only are insufficient data available on vitamin supplements and their effect on milk levels of the vitamins, but there is less infor- mation available on normal milk constituents after prolonged lactation. The longest lacta- tional period cited in the literature with con- current detailed information of the macro- components in breast milk is 170 days (<6 months). Lonnerdal et al. (9) found that pro- tein decreased gradually in breast milk of well-nourished women from 25 to 170 days postpartum. The concentration of protein in milk of well-nourished Swedish women fell from 19 to 15 mg/mi over the duration of the study. Unpublished data from the University of Iowa (10) collaborated the gradual de- crease in protein up to 1 12 days which was the termination of their study. Several water soluble vitamins, riboflavin, niacin, vitamin B6, vitamin B12, and folic acid, are associated with protein foods. With decreased protein ‘From the Human Nutrition Research Laboratory, Texas Woman’s University, Denton, Texas 76204 and College of Health, University of Utah, Salt Lake City, Utah 84112. 2Supported by the Organized Research Grants of the Texas Woman’s University. Presented at the FASEB meetings in the American Institute of Nutrition Society, Dallas, Texas, 1979 (Fed- eration Proc. 38: 610, 1979). 4Present address: College of Health N-215, University of Utah, Salt Lake City, Utah 84112. Author to whom requests for reprints should be addressed. Present address: Department of Nutritional Sciences, University of California at Berkeley, Berkeley, California 94720. at HOSPITAL GRAL UNIVERSITARIO ALICANTE BIBLIOTECA on December 13, 2013 ajcn.nutrition.org Downloaded from 
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The American Journal of Clinical Nutrition 33: OCTOBER 1980, pp. 215 1-2156. Printed in U.S.A. 2151
 The effects of vitamin C, vitamin B6, vitamin B12,folic acid, riboflavin, and thiamin on the breastmilk and maternal status of well-nourishedwomen at 6 months postpartum�3
 M. Rita Thomas,4 Ph.D., Sharon M. Sneed,5 Ph.D., Cecelia Wei, M. S.,
 Patricia A. Nail, M. S., Mary Wilson, B. S., ltD., and Edgar E. Sprinkle III, M. S.
 ABSTRACT The effects of vitamin supplements and/or diet on the vitamin levels in milk of
 women were determined at 6 months postpartum. Six subjects consumed a daily supplement
 (Natalins, Mead-Johnson) in addition to a well-balanced diet-supplemented group, and six
 subjects consumed only a well-balanced diet-nonsupplemented group. The subjects expressed
 milk for 3 days at 4-hr intervals, 0, 4, 8, and 12 hr after awakening or taking their vitamin
 supplement. A 4-day diet record, fasting blood sample, and 24-hr urine samples were collected on
 each subject at 6 months postpartum. Nutrient intake from diet alone did not differ significantly
 between the two groups except for riboflavin intake which was significantly higher in the
 supplemented group. The nutritional status of all women indicated excellent dietary intakes, which
 vitamin supplementation did not alter significantly. Milk concentration of vitamin B6, vitamin B12,
 folate, thiamin, riboflavin, and vitamin C, did not differ significantly between groups. Thiamin,
 vitamin B,2, and vitamin B6 concentration in the milk did appear to plateau during the day.
 Vitamin supplementation at 6 months postpartum did not affect the breast milk concentration or
 the nutritional status of well-nourished women. Am. J. Clin. NuIr. 33: 215 1-2156, 1980.
 Studies have shown that changes in mater-nal diet can influence the nutrient level of
 breast milk, especially with regard to thewater soluble vitamins (1-4). Diets supple-
 mented with vitamin B6, vitamin B12, andriboflavin have been associated with a limitedincrease in concentration of these water-sol-uble vitamins in breast milk from well-nour-ished women (5-8). Maternal supplementalintakes of thiamin and vitamin C did notincrease breast milk concentration of those
 vitamins (7, 8). Information on the influenceof the maternal diet on the vitamin contentof breast milk is still inadequate (6), especially
 involving the adequacy of water-soluble vi-tamin supplementation.
 Not only are insufficient data available onvitamin supplements and their effect on milk
 levels of the vitamins, but there is less infor-mation available on normal milk constituentsafter prolonged lactation. The longest lacta-tional period cited in the literature with con-current detailed information of the macro-components in breast milk is 170 days (<6months). Lonnerdal et al. (9) found that pro-
 tein decreased gradually in breast milk ofwell-nourished women from 25 to 170 days
 postpartum. The concentration of protein inmilk of well-nourished Swedish women fellfrom 19 to 15 mg/mi over the duration of the
 study. Unpublished data from the Universityof Iowa (10) collaborated the gradual de-crease in protein up to 1 12 days which wasthe termination of their study. Several watersoluble vitamins, riboflavin, niacin, vitaminB6, vitamin B12, and folic acid, are associated
 with protein foods. With decreased protein
 ‘From the Human Nutrition Research Laboratory,
 Texas Woman’s University, Denton, Texas 76204 andCollege of Health, University of Utah, Salt Lake City,
 Utah 84112.
 2Supported by the Organized Research Grants of the
 Texas Woman’s University.
 Presented at the FASEB meetings in the American
 Institute of Nutrition Society, Dallas, Texas, 1979 (Fed-
 eration Proc. 38: 610, 1979).4Present address: College of Health N-215, University
 of Utah, Salt Lake City, Utah 84112. Author to whom
 requests for reprints should be addressed. Present
 address: Department of Nutritional Sciences, University
 of California at Berkeley, Berkeley, California 94720.
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2152 THOMAS ET AL.
 content the vitamin B6 content has beenfound to decrease (5); therefore, the level ofwater soluble vitamins could be decreased inprolonged lactation.
 The purpose of this investigation was tomeasure the effects of vitamin C, vitamin B6,vitamin B12, riboflavin, thiamin, and folicacid supplementation on the breast milk con-centration of those vitamins and the status oflactating women to those respective vitamins.
 Materials and methods
 Description of study
 Twelve lactating women before 6 months postpartum
 volunteered equally to one of two groups. The nonsup-
 plemental group of women consumed only an adequate
 diet without additional vitamin supplementation for at
 least three months, while the supplemented group of
 women continued taking a vitamin supplement (Natal-
 ins, Table 1) in addition to a good diet. The nonsupple-
 mented group of women stopped consuming Natalins or
 a like vitamin preparation 3 to 6 months prior to inclu-
 sion in the present study. Milk samples were collected
 four times per day at 4-hr intervals for three consecutive
 days at 6 months postpartum. Fasting blood samples
 were drawn for vitamin B6, vitamin B12, folic acid, and
 vitamin C analysis at 6 months postpartum. An ahiquot
 from a 24-hr urine collection was used to measure ribo-
 flavin and thiamin excretion. Dietary records of all foods
 consumed by the subjects were kept for 4 days, 1 day
 before milk collection and three days of milk collection.
 Subjects
 Prospective subjects (18 to 35 years of age) were
 recommended for participation in the study through
 pediatricians and physicians in the Denton/Dallas/Fort
 TABLE 1
 Vitamin and mineral content
 of daily supplement”
 .Vitamin or mineral
 .Quantity
 Percentage of
 RDA
 Vitamin A 8,000 IU 133
 Vitamin D 400 IU 100
 Vitamin E 30 IU 200
 Vitamin C 90.0 mg 113
 Folic acid 0.8 mg 133
 Thiamin 1.7 mg 121
 Riboflavin 2.0 mg 133
 Niacin 20.0 mg 111
 Vitamin B6 4.0 mg 160
 Vitamin B,2 8.0 �ig 200
 Calcium 200.0 mg 17
 Iodine 150.0 �g 100
 Iron 45.0 mg 250
 Magnesium 100.0 mg 22
 Supplement,RDA for
 a Natalins Multivitamin and Mineral
 Mead Johnson, Evansville, Ind.; 1 tablet.
 lactating women (14).
 Worth area and through the LeLeche League directors
 of the area. Subjects were not allowed to participate in
 the study unless their physician agreed and biochemical
 tests revealed no need for vitamin supplements. Women
 could not participate who were on routine medication or
 had been on oral contraceptive agents for more than 2
 years before the present conception. All subjects were
 briefed thoroughly on their participation in the study as
 outlined by the Human Research Review Committee at
 the Texas Woman’s University before they were allowed
 to sign consent forms.
 Sample collection and analysis
 The subjects were instructed by a dietician to keep a
 4-day diet record. Attention was focused on quantity of
 intake, brand names, and methods of preparation of
 foods consumed during this period. The dietary intake
 records of each woman were analyzed by the computer
 tape of Handbook Eight (11), the Ohio State Data tape
 (12), and published nutrient analyses from food compa-
 nies (13), and compared to the Recommended Dietary
 Allowances (RDA) for the lactating woman (14).
 The milk was expressed immediately before taking
 the vitamin pill in the supplemented group in the morn-
 ing at 0 time and 4, 8, and 12 hr thereafter. Those
 mothers not taking supplements expressed milk soon
 after arising in the morning and at 4, 8, and 12 hr
 thereafter. Twenty-five milliliters of fore milk was cx-pressed into opaque containers, and frozen immediately
 at - 10 C until analyzed. After an 8-hr overnight fast,
 blood samples were drawn after the 3-day milk sampling
 was completed. A 24-hr urine sample was collected
 during the third day of milk collection and an aliquot
 frozen at - 10 C until analyzed. Completeness of the
 urine sample collection was stressed. All women weregiven a sample collector to fit on the commode, in-
 structed to collect all urinary excretion for an exact 24-
 hr period, and to store those collections in a brown bottle
 in the refrigerator.
 When the methods from the Infant Formula Council
 (15) and the Association ofVitamin Chemists (16) could
 be used for vitamin analyses, they were.
 The concentration of plasma and milk ascorbic acid
 was measured photometrically by the method of Zannoni
 et al. (17). The Bio-Rad Radioimmunoassay Kit (18) for
 vitamin B,2 was used for serum and milk measurements
 of the vitamin. Vitamin B6 status was determined by the
 in vitro stimulation of erythrocyte glutamic pyruvic
 transaminase, EGPT, the procedure used being adopted
 primarily from Woodring and Storvick (19), Dirige and
 Beaton (20), and Sauberlich et al. (21). Total vitamin B6
 content was measured by Saccharomyces uvaris in a
 microbiological assay. The procedure was based on the
 methods of Storvick et al. (22), Thiele and Brin (23), and
 Toepfer and Polansky (24). Folate activity was assayed
 with Lactobacillus casei as recommended by Herbert
 (25). The Bio-Rad Radioimmunoassay Kit was used to
 measure serum folate (26). Because of the sensitivity of
 vitamin B6 and folate to light, microbiological procedures
 were carried out in a darkened room. Thiamin concen-
 tration in urine and milk samples was analyzed by amodification of the thiochrome method of Hennessy and
 Cerecedo (27). Riboflavin concentration in milk and
 urine was determined by a modification of the method
 of Wahba (28).
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TABLE 2
 Vitamin intake of nonsupplemented
 and supplemented women at
 6 months postpartum
 800
 a Natahins Multivitamin and Multimineral Supple-
 ment, Mead Johnson, Evansville, Ind. b Mean ± SD
 of six subjects. C (P < 0.05) significantly lower than
 corresponding supplemental measurement.
 EFFECTS OF VITAMINS ON BREAST MILK 2153
 Statistical analysis
 Milk samples were analyzed by a 2 factor (2 x 4)design with repeated measures on the last factor. Urine
 and blood data were analyzed by a one-way analysis of
 variance design (29).
 Results
 Dietary intake
 All women were consuming at least % ofthe RDA (14) for energy, protein, riboflavin,vitamin B12, thiamin, and vitamin C (Table
 2). The women in both groups were consum-ing over 100% of the RDA for vitamin C andless than 60% of the RDA for vitamin B6 and
 folic acid. In addition to the dietary intake ofthe women in the supplemented group, theyconsumed at least 100% of the RDA in thevitamin supplement (Table 2). The group ofsupplemented women consumed significantlygreater amounts of riboflavin than the non-
 Vitamin intake
 Vitamin Treatment group.
 DietarySupple-
 mental
 Riboflavin Nonsupple-
 ment
 Supplement
 mg/day
 1.87± 0.95 b.c
 3.31 ± 1.25” 2.0
 Thiamin Nonsupple-
 ment
 Supplement
 1.49 ± 0.96
 1.56 ± 0.47 1.7
 Vitamin C Nonsupple-
 ment
 Supplement
 131 ± 88
 153 ± 88 90
 Vitamin B6 Nonsupple-
 ment
 Supplement
 1.13 ± 0.91
 1.34 ± 0.27 4.0
 i.eg/day
 Vitamin B,2 Nonsupple-
 ment
 Supplement
 2.88 ± 2.29
 3.03 ± 2.08 8.0
 Folate Nonsupple-
 ment
 Supplement
 194 ± 151
 159 ± 54
 supplemented women at 6 months postpar-tum (Table 2).
 Vitamin status
 Urinary excretion of riboflavin was the
 same for both the nonsupplemented and sup-plemented groups of women (Table 3). Thesupplemented group of women excreted 1.2mg of thiamin/day more than the nonsupple-mented group of women. The difference wassignificant (Table 3). The vitamin status forvitamin C, mg/lOO ml of plasma; vitamin B6,EGPT index; folate, ng/ml serum; and vi-tamin B12, pg/mi in serum was not sigmfi-cantly different between the nonsupple-mented and supplemented groups of womenat 6 months postpartum (Table 3).
 Milk concentrations
 Supplemental vitamin B12, vitamin B6, fo-late, vitamin C, thiamin, and riboflavin didnot significantly affect the concentration ofthe vitamins in the milk of lactating womenat 6 months postpartum (Table 4). Becauseof the large SEM for vitamin B12 concentra-tion in the supplemented group of women,the difference, 0.222 .tg/liter, between the twogroups of women was not significant.
 Not only were the daily group means non-significant, but also the hourly milk measure-ments were not significant between the non-supplemented and supplemented groups ofwomen or within the same group (Table 5).Hence hourly concentrations for the vitaminsin both groups were averaged together for
 statistical evaluation (Table 5). The concen-trations of thiamin rose significantly at 4 hrand stayed significantly higher than the initialmilk expressed in the morning. At 8 hr afterthe initial milk sample the milk concentrationof thiamin plateaued at 226 �tg/liter of milk.Vitamin B12 concentration in the milk duringthe day mimicked the thiamin profile, butwas delayed by 4 hr. The level ofvitamin B12
 rose significantly at 8 hr after the initial milksampling, but did not plateau until the 12thhr sampling. Both vitamin B12 and thiaminreflected a broad peak while vitamin B6 rosesharply at 4 hr after the initial milk samplingand decreased thereafter. The initial milksampling and fmal milk sampling of vitamin
 B6 at 12 hr were not significantly different.Riboflavin, folate, and vitamin C concentra-
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2154 THOMAS ET AL.
 TABLE 3
 Vitamin status of nonsupplemented and
 supplemented women at 6
 months postpartum
 Vitamin Treatment group Vitamin status
 Riboflavin Nonsupplement
 Supplement
 0.442 ± 0.2310
 0.450 ± 0.248”
 Urinary excretion
 (mg/day)
 Thiamin Nonsupplement
 Supplement
 0.899 ± 0.46 b
 2.20 ± 1.24
 Urinary excretion
 (mg/day)
 Vitamin B6 Nonsupplement
 Supplement
 1.17 ± 0.19
 1.33 ± 0.22
 EGPT index
 EGPT index
 Vitamin B,2 Nonsupplement
 Supplement
 692 ± 30
 710 ± 17
 pg/ml serum
 pg/ml serum
 Folate Nonsupplement
 Supplement
 13.0 ± 3.13
 13.9 ± 2.62
 ng/ml serum
 ng/ml serum
 Vitamin C Nonsupplement
 Supplement
 0.546 ± 0.32
 0.908 ± 0.32
 mg/laO ml plasma
 mg/100 ml plasma
 a Mean ± SD of six subjects. b � �D < 0.05) Significantly lower than corresponding supplemented measurement.
 TABLE 4 and vitamin B6. West and Kirksey (5) alsoMilk concentration of nonsupplemented reported low dietary intakes of vitamin B6. Inand supplemented women the early reports of this investigation (7, 8)at 6 months the women also consumed low levels of vi-postpartum__________________________________ tamin B6 at 1 and 6 weeks postpartum. The
 Vitamin Treatment group Milk concentration women in this study were consuming from 45
 �tg/liter to 55% of the RDA (14) for vitamin B6, andRiboflavin Nonsupplement 243 ± 35” 27 to 33% of the RDA for folate. Because of
 Supplement 274 ± 460 the other nutrient intakes these values are
 Thiamin Nonsupplement 208 ± 34 probably adequate since RDA’s are recom-Supplement 228 ± 42 mendatiofl.S that are considerably higher than
 requirements. These low levels also may re-Vitamin B6 Nonsupplement 212 ± 58 flect the incompleteness of the existing food
 Supplement 235 ± 49 tables (1 1, 12). When related food items wereused for vitamin B6 evaluations instead of the
 Vitamin B,2 Nonsupplement 0.642 ± 0.098
 Supplement 0.866 ± 0.295 exact food item, the women consumed 70 to98% of the RDA for vitamin B6.
 Folate Nonsupplement 50.1 ± 4.5 The subjects participating in the study hadSupplement 54.8 ± 7.0 collected 24-hr urine samples for the first
 mg/liter phase of this study (7, 8). The techniques ofurine collecting, food dietary recording, and
 Vitamin C Nonsupplement 35.2 ± 12.0 milk collecting were emphasized again. AllSupplement 38.4 ± 12.3 vitamin assays, storage techniques, and lab-
 a Mean ± SD of six subjects. oratory assistance remained constant from
 the earlier phases of this study to the present.
 tion in the milk revealed little difference m Although there was a direct relationshiphourly samplings. between thiamin intake and thiamin excre-
 tion, the relationship between riboflavin in-
 Discussion take and riboflavin excretion was inverselyproportional. The excess riboflavin excretion
 The only nutrients in marginal amount was inversely proportional. The excess ribo-reflected in the diet of the women were folate flavin intake was not reflected in the milk
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EFFECTS OF VITAMINS ON BREAST MILK 2155
 TABLE 5
 Milk profiles of nonsupplemented and supplemented
 groups combined, before and 4, 8, and
 12 hr after riboflavin, thiamin,
 vitamin B,2, vitamin B6,
 folate and vitamin
 C supplementation
 Vitamin
 Periods o f milk sampling (hr)
 0 4 8 12
 ILg/liter
 Riboflavin 255 ± 390 271 ± 61 261 ± 25 267 ± 29
 Thiamin 209 ± 34 217 ± 36” 226 ± 43b. C 220 ± 40”
 Vitamin B,2 0.628 ± 0.145 0.722 ± 0.211 0.774 ± 0.238” 0.892 ± 0.332” C
 Vitamin B6 193 ± 43 253 ± 756.d 233 ± 57b 216 ± 48
 Folate 50.5 ± 5.75 53.35 ± 6.35 53.05 ± 5.65
 mg/liter
 38.3 ± 13.9
 52.85 ± 5.25
 Vitamin C 34.1 ± 11.6 36.0 ± 11.4 38.9 ± 12.4
 “Mean ± SD of 12 subjects. b (P <0.05) significantly higher than corres�nding measurement at time 0. C (P
 < 0.05) significantly higher than corresponding measurement at 4 hr. (P < 0.05) significantly higher than
 corresponding measurement at 12 hr.
 concentration; therefore, either the riboflavintissue concentration increased or fecal excre-tion increased. Urinary thiamin levels far inexcess of 0. 100 mg/day in both groupsthroughout the study indicated that their thia-min status was above adequate (30). The
 subjects in this study were excreting greaterthan 0.899 mg of thiamin/day; therefore, thethiamin intake was more than adequate.Riboflavin excretion of more than 0.120 mgIday in the pregnant woman could indicate
 acceptable riboflavin intake (3 1). The womenin this study were excreting greater than 0.440
 mg/day of riboflavin.Since the supplemented group of women
 consumed the vitamin supplement for a pe-riod of at least 6 months, the authors believethat some acclimation to the vitamins prob-ably existed. Similar data to compare to thepresent study are not available for subjectsconsuming low dose vitamin supplements for6 months.
 Status measurements for vitamin C, vi-tamin B,,, folate, and vitamin B,2 in fastingblood samples were all within normal limits.While the vitamin C concentration in plasmaof the nonsupplemented women was a littlelower than the supplemented women, vitaminB6 status was exactly reversed. The reducedstimulation of EGPT was noted in the non-supplemented group of women which denotesadequate vitamin B6 status.
 An increase in milk concentration of thevitamin due to a single dose of the vitamins
 was not apparent. At 1 and 6 weeks postpar-turn (7, 8) there was an increase at 4 and 8 hrafter a vitamin B6 and riboflavin supplement.West and Kirksey (5) found the concentration
 of vitamin B6 increased in 3 to 5 hr after asupplemented intake of vitamin B6. In thisstudy vitamin B6, vitamin B12, and thiaminconcentration in the supplemented and non-supplemented groups together increased sig-nificantly during the day.
 The vitamin concentration of human milk
 has been reported and revised by Hartmanand Dryden (32). All vitamin measurementsin the milk ofboth groups were within normal
 limits. All women (nonsupplernented andsupplemented) were consuming adequateamounts of all nutrients since RDA’s are
 overestimations of nutrient requirements. Vi-tamin supplements did not increase the milkconcentration of vitamin C, vitamin B6, vi-tamin B12, folate, thiamin, and riboflavin, andvitamin status was not significantly improvedwith the use of vitamin supplements. Hencesupplemental doses of vitamin C, vitamin B6,vitamin B12, folate, riboflavin, and thiaminwere not necessary in these healthy, well-
 nourished women under the experimentalconditions of this study.
 References
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